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b) drying the tablet ^imose acetate 398-10 present in the amount of 15% by weight 

of 1.9. 2.7. 11.7 and 21.7% preparing a capsule for controlled release of one or more 

Also partof the ^"^2^ of a core of said active substances, with 

by a phase Inversion process. . „ 

Preferred Is a wet process ^^^f^fl^™^^ Inner dimensions of the desired capsule, with . 

f^n 0to40% one or more pore-forming substances by weight In acetone. 

b) Immersing the coated device Into an aqueous quench bath. 

c) drying, 

d) removing the capsule shell from the device. 

e) filling the capsule shell with the core material and 

f) sealing the capsule. Ml|u|QSa acetate 398 . 10 present In the amount of 16% by weight 
Preferred In this process is he use<rf jf ' u ^ r ^*^ ^a^jalkanol. sodium acetate, aqueous 

by a phase inversion process. 

Preferred Is a dry process compriang thestep^ a solution comprised 

a) epraydrytagaslurryofs^^ pore _ 

Sg^^ 



S-pa^ 

Preferred within this ''J''* 6 ^^^* ^^^■*J?j^^^ Bm ? ^nthe amount of 57, 31 . 7 and 5%, respectively, 
and composed of « h ^^£^ 

substances by weight In acetone. . . .. 

b) Immersing the coated beads into an aqueous ««"f ^ 

forming substance is ethanol present to ^^^^^Li. Especially preferred Is said device 
Preferred In this ^^TlS25^ P^ore" and the release is substantially either by 

and imperforate and the release is substantially osmotic pump.ng. 
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The present invention also relates to a capsule device for the controlled release of one or more active sub- 
stances m£ an environment of use, said device comprising a core of said substances. w,th or wrfhout excl- 
pients, enclosed in a capsule the top or bottom of which is comprised of one or more asymmetric membranes. 
Preferred is said device wherein the membrane is permeable and perforate or imperforate. Especially prefer- 
red is such a device wherein the release is by osmotic pumping. . 

Finally, the instant invention relates to a process for preparing a capsule shell to be used for controlled 
release of one or more active substances into an environment of use. said shell comprised of an asymmetric 
membrane, wherein said membrane is formed by a phase inversion process. 

Preferred is a wet process which comprises the steps of: . . 

a) coating a mandrel device, sized and shaped to match the inner dimensions of the desired capsule, with 
a solution comprised of from 10 to 20% of a cellulose ester or ethyl cellulose by weight and. optionally, 
from 0 to 40% of one or more pore-forming substances by weight In acetone. 

b) immersing the coated device into an aqueous quench bath, 

c) drying and 

d) removing the capsule shell from the device. ■ f ^ n/ . _ 
Preferred in this process is the use of cellulose acetate 398-10 present In the amount of 16% by weight 

and the pore-forming substance is formamide. aceUc add, glycerol, a (C^-C 4 )aIkanol. sodium acetate aqueous 
hydrogen peroxide or polyvinylpyrrolidone. Especially preferred is the use of ethanol and glycerol as pore- 
forrZ substances, present in the amount of 28 and 8%. respectively. ^ weight Also especially preferred b 
the use ofglycerol as the pore-forming substance, present in the amount of 10% by weight 

The presentation also relates to a process for preparing a bead, tablet or capsuled^ 
release of one or more active substances Into an environment of use. said device comprised of a core of sakl 
active substances, with or without excipients. surrounded by more than one asymmetric membrane wherein 
said membranes are formed by a phase Inversion process. ,™*«ii»h 

Preferred Is a dry process comprising spray coating of said device suspended in the temperature controlled 
air flow of a f luidized bed coating system with a solution comprised of from 6 to 10% of a cellulose ester or 
ethyl cellulose by weight and from 35 to 40% of one or more pore-forming substances by weight in acetone 
until the desired number of asymmetric membranes have been applied. Especially preferred is the use of etha- 
nol as the pore-former and cellulose acetate 398-10 as the membrane material. ^ 

The present Invention also includes a process for preparing a tablet for controlled release of one or irore 
active substances into an environment of use. said tablet comprised of a core of said active ^^ n ~**^ 
or without one or more excipients. surrounded by an asymmetric membrane wherein said membrane Is formed 
by a phase inversion process. * . . ... 

Preferred is a dry process comprising spray coating said core In a perforated pan TO ^9^J n /T^ 
a solution comprised of from 10 to 15% of a cellulose ester or ethyl cellulose by ^ htand J^ f to 40 ^f 
one ormore pore-forming substances by weight in acetone. Especially preferred Js the use of cettulos e acetate 
398-10 and glycerol, water, butanol and ethanol together as pore-formers in the amount of 2. 2.8, 12.4 and 

22% by weight, respectively. ' . 

Figure 1 shows the SEM (scanning electron microscope) cross section of an asymmetric membrane tablet 
coating having a dense imperforate skin prior to use. The membrane was prepared according to the procedure 
of Example 1 . employing a phase inversion-wet process and using wUijIose acetate as the membrane material 
and formamide as the pore-forming substance. . \ 

Figure 2 shows the SEM cross section of an asymmetric membrane tablet coating having an imperforate 
dense skin. The table membrane was prepared according to the procedure of Example 2 ; utilizing a phase in- 
version wet process wherein the coated tablet was Immersed in an aqueous quench bath 

Figure 3 shows SEM of an imperforate asymmetric membrane coated tablet prepared by the procedure 
of Example 3. using a phase inversion dry process. ^ . 

Figure 4 shows the release rate of the antihypertensive agent trimazosin. from an asymmettcHnembrane- 
coated tablet as prepared in Example 1. and a simiar tablet coated with a sense membrane with a hole drilled 
through the membrane. a . . 

Figure 5 shows the osmotic release rate of the antihypertensive agent tnmazosin. from an asymmetric 
membrane coated tablet prepared by the procedure of Example 1 . ■ 

Figure 6 shows_the effect of various levels of the pore-forming substance formamide on the release rate 
of an asymmetric membrane coated tablet prepared by the procedure of Example 8 

Figure 7 is a plot showing the change in release rates of the antihypertensive agent doxazosin wrth 
changes in the osmotic pressure of the core matrix from an asymmetric membrane coated tablet. 

Figures 8 9 10 and 11 are SEM which show the effects of increas.ng amounts of the pore-forming sub- 
stance glycerol on the size of holes or ports in the dense membrane of an asymmetric membrane coated tablet 
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PTeP ^reA2^v!sXhe SEM of dense skin of an asymmetric membrane coated tablet prepared by a wet phase 
inversion process, as described in Example 12. where sodium acetate was employed as a pore-forming sub- 
stance. 

5 Figure 13 shows an SEM cross section of capsule wall formed from an asymmetric membrane prepared 

by the procedure of Example 15. 

Figure 14 shows the release rate of doxazosin from capsules, made of an asymmetric membrane, into me- 
dia at varying osmotic pressures. 

Figure 15 depicts SEM of the outer surface and cross section of a capsule made of an asymmetric mem- 
10 brane in which glycerol was employed as the pore-forming substance. ^ 

Figure 16 shows an SEM of the surface and cross section of a bead covered with an asymmetric membrane 
and made by the procedure described in Example 20. 

Figure 17 shows an SEM of the surface and cross section of a bead triple coated with an asymmetric mem- 
brane layer, prepared as described in Example 21 . Note that only one dense skin is visible. ^ 
is Figure 18 shows the release rate of doxazosin from asymmetric membrane coated beads having from one 

to three coats of an asymmetric membrane. 

Figure 19 depicts the release rate of doxazosin from triple asymmetric membrane coated beads Into sol- 
utions of different osmotic pressures. ' • 

Figure 20 shows an SEM of the surface, with macro-pores, of a bead surrounded with an asymmetric mem- 
20 brane prepared by a phase inversion dry process as described In Example 23. 

Figure 21 shows the release of trimazosin from beads covered with an asymmetric membrane into water 
and into a magnesium sulfate solution. The membrane was prepared according to a phase Inversion wet proc- 
ess as described In Example 24. 

Figure 22 shows an SEM of the cross section of a capsule wall made of a asymmetric membrane comprised 
25 of ethyicelluiose and prepared in Example 27. , 
Figure 23 shows the SEM of a cross section capsule wail made of a cellulose acetate butyrate asymmetric 
membrane as prepared in Example 28. 

Figure 24 shows the SEM of a cross section of a capsule wall made of a blend ethyicelluiose and cellulose 
acetate asymmetric membrane (Example 29). - . 

30 Figure 25 shows the SEM of a cross section of a capsule wail made of a blend cellulose acetate butyrate 

and ethyicelluiose asymmetric membrane (Example 30). 

Figure 26 shows the SEM of a cross section of an asymmetric membrane capsule wall made of a Wend 
of cellulose acetate butyrate and cellulose acetate (Example 31). 

Figure 27 shows the SEM of a cross section of an asymmetric membrane capsule wail made of cellulose 
35 acetate propionate, prepared according to Example 32. , 

Figure 28 shows the SEM of a cross section of an asymmetric membrane capsule wail made of nKrocel- 
Mose. prepared by the procedure of Example 33. ' ' » \ 

Figure 29 shows the SEM of a cross section of an asymmetric membrane capsule wall made of cellulose 
acetate phthalate. prepared according to Example 34. 
40 Figure 30 shows the SEM of a cross section of an asymmetric membrane capsule wall made of cellulose 

acetate trimellitate. prepared by the procedure of Example 35. ' n ^ , , \ 

Figure 31 shows the SEM of a cross section of an asymmetric membrane capsule waP made of polyvinyl 
alcohol by the procedure of Example 36. , 4 . 

Figure 32 shows the SEM of a cross section of an asymmetric membrane capsule wall made of ethylene- 
's vinyl alcohol, prepared according to Example 37. 

Figure 33 shows an SEM of a cross section of an asymmetric membrane capsule wall made of polyurethane 
by the procedure of Example 38. 

Figure 34 shows the SEM of a cross section of an asymmetric membrane capsule wall made of polyviny- 
lidene fluoride, prepared by the procedure of Example 39. 
so Figure 35 shows the SEM of a cross section of an asymmetric membrane capsule wall made of polysulfone. 

prepared according to Example 40. . ' . ( . 

Figure 36 shows the SEM of the cross section of an asymmetric membrane capsule wall made of poly- 
methyl methacrylate by the procedure of Example 41. _ 

Figure 37 shows the SEM of a cross section of an asymmetric membrane capsule wall made of polyamide 
65 by the procedure of Example 42. . 

Figure 38 shows the SEM of a cross section of an asymmetric membrane capsule wall made of a Wend 
of ethyicelluiose and cellulose acetate phthalate by the procedure of Example 43. 

Figure 39 shows the SEM of a cross section of an asymmetric membrane capsule wall made of a Wend 
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of ethyicellulose and cellulose acetate trimellitate by the procedure of Example 44. 

Figure 40 shows the SEM of a cross section of an asymmetric membrane wall made of ethyicellulose on 
a drug containing bead, prepared by the procedure of Example 45. 

Figure 41 shows the SEM of a cross section of an asymmetric membrane wall made of cellulose acetate 
5 butyrate on a drug containing bead, and prepared according to Example 46. % _ 

Figure 42 shows water fluxes and corresponding release rales from various asymmetric membrane cap- 
sules prepared according to Example 47. 

Figure 43 shows the SEM of the cross section of multiple layers of asymmetric membranes made of cel- 
lulose acetate on beads according to Example 49. 
10 Figure 44 shows release rate of an active substance from capsules made of an asymmetric membrane y , 
using different ratios of plasticizers as in Example 52. 

As previously Indicated, an asymmetric membrane is comprised of two regions of membrane layers. The 
sub-structure is relatively thick and very porous in nature. This substructure supports the other portion of the 
membrane, a very dense, thin skin. 
is The materials of which the asymmetric membranes of the present invention are made consist of cellulose K 
derivatives. In particular, they consist of cellulose esters and ethers, namely, the mono-, di- and triacyl esters 
wherein the acyl group consists of two to four carbon atoms and lower alkyl ethers of cellulose wherein the 
alkyl group is of one to four carbon atoms. The cellulose esters can also be mixed esters, such as cellulose 
acetate butyrate, or a blend of cellulose esters. The same variations can be found In ethers of cellulose and 
20 includes blends of cellulose esters and cellulose ethers. Other cellulose derivatives which can be used In mak- 20 
ing the asymmetric membranes of the present invention include those materials which are associated with re- 
verse osmosis membranes, and include cellulose nitrate, acetaldehyde dimethyl cellulose, cellulose acetate 
ethyl carbamate, cellulose acetate phthalate, cellulose acetate methyl carbamate, cellulose acetate succinate, 
cellulose acetate dimethaminoacetate, cellulose acetate ethyl carbonate, cellulose acetate chloroacetate, cel- 
25 lutose acetate ethyl oxalate, cellulose acetate methyl sulfonate, cellulose acetate butyl sulfonate, cellulose 25 
acetate pj-toluene sulfonate, cellulose cyanoacetates, cellulose acetate trimellitate and cellulose methacry- 
lates. 

These materials can be formed by the acylation of cellulose with the corresponding acyl anhydride or acyl 
halide. Several of the common cellulose esters are avaSable commercially, cellulose acetate 394-60, 398-10 

30 and 400-25, having acetyl contents of 39.4, 39.8 and 40%, respectively, are readBy available from Eastman 30 
Chemical Co., Kingsport, Tenn. 

In addition to cellulose derivatives, materials useful for fabricating asymmetric membranes include poly- 
sulfones, polyamkJes, polyurethanes, polypropylene, ethylene-yinyl acetate, polyvinyl chloride.^polyvinyi alco- 
hol, ethytenevinyi alcohol, pdyvinyiidene fluoride, polymethyl methacrytate as well as many others. 

35 As mentioned, ft has now been found that tablets and multiparticulates or beads can be coated with an 35 
asymmetric membrane and capsule shells can bdinade of an asymmetric membrane for release of one or more 
active substances in an environment of use over a period of tfrne. : ■ s 

The process by which this membrane is formed is a phase inversion process (R. E. Resting, "Synthetic 
Polymeric Membranes," Wiley-lnterscience, 2nd Ed.. 1 985). In this process a polymer solution is induced to j ; ' 

40 undergo phase separation in a particular way. resulting in a structured, continuous polymer phase. In preparing 40 
the membrane of the present invention the process can be a wet process or a dry process. In the wet process \? 
the polymer is dissolved in a solvent system consisting of one or more solvents. Af flm of this solution is coated 
on a delivery device, in particular a tablet, bead or capsule form, and following an optional period of air drying, 
the coated device Is immersed in a quench bath consisting of a solvent in which the polymer is not soluble, 

45 but in which the original polymer solvent system is soluble. The quench bath extracts the solvent or solvents 45 
from the film of coated polymer solution, resulting in a precipitation of the polymer In the form of a structured 
membrane on the device. In the wet process several baths can be used, the polymer being precipitated in the 
first bath followed by other baths to facilitate drying of the membrane. 

The wet process can also use a pore-forming substance or substances to enhance the porous nature of 

50 the substructure of the membrane. These pore-forming substances are, generally, poor solvents for the poly- so 
mer and are usually dissolved out in the quench bath at the time the polymer is precipitated. 

The dry process also provides an asymmetric membrane and utilizes a solvent system for the polymer . _ 
and a pore-forming substance, which is a non-solvent for the polymer. As in the wet process the device is coat- 
ed with a solution of polymer and pore-forming substance; however, in the dry process the solvent Is allowed . 

55 to evaporate completely. The successful formation of an asymmetric membrane using the dry process requires ss 
that the solvent or solvents evaporate more rapidly than the pore-forming substance. In addition, the pore- 
forming substance must not be a solvent for the polymer. 

As mentioned above, pore-forming substances are employed to control the porosity of the substructure 
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of the asymmetric membrane. The porous channels in the substructure of the polymer can extend through 
the dense skin, resulting in macropores or a series of holes on the exterior skin of the device. Thus, by In- 
creasing the pore-forming substance it is possible to progress from a device having a porous substructure and 
an imperforate skin to one having a highly perforate skin (Figures B. 9. 10 arid 11 - Example 11). 
5 Pore-forming substances in the wet process include fbrmamide, acetic acid, glycerol, an alkanol of one 

to four carbon atoms. 1 0% aqueous hydrogen peroxide and polyvinylpyrrolidone or combinations thereof. So- 
dium acetate, or other inorganic salts, can be employed as pore-forming agents as they do not dissolve In the 
polymer solvents and are dissolved out of the precipitated polymer when the quench is an aqueous quench, 
leaving macropores in the dense membrane or skin. Suitable pore-forming substances for the dry process in- 
to elude glycerol, water, alkanols. ofls, surfactants, glycols or combinations thereof. Rapid drops in pressure dur- 
ing the precipitation of the polymer can also result in enhanced macropore formation when the dry process 
is employed. For example, spray drying beads coated with a polymer solution under pressure Into a chamber 
at a lower pressure can result In macropore formation (Figure 20 - Example 23). When the device of this In- 
vention is Intended for human or veterinary use, the pore-forming agent should be pharjnaceutlcatly accept- 
1$ able. It should be noted that in the case of some polymer coating materials little or no pore-fbrmihg substances 
may be required to give the desired asymmetric membrane. 

Asynunetric-membrane coatings with macropores through the outer skin (perforate membrane coatings) 
can also be made by adjusting the quench-bath conditions. Raising the temperature of the quench bath to 
temperatures near the boning point of the solvent used in the polymer coating solution causes rapid evapor- 
20 ation of the solvent and macropore formation upon precipitatfon of the polymer in the quench bath. Other non- 
solvents, such as ethane!, can be added to the quench bath to cause macropores to form in the membrane 
coatings. Thus, either perforate or imperforate membranes can be formed depending on the quench-bath tem- 
perature and composition. 

Asynvnetric-rnembrane coatings that have macropores through the outer skin can also be made by making 
25 membrane coatings using two or more incompatible polymers. The quantity of macropores through the surface 
an be a controlled by the relative concentrations of the incompatible polymers. Thus, the structure of the outer 
surface of the membrane coatings can be made either perforate or imperforate depending on the polymers 
used and their concentrations in the coating solution (Figure 24 - Example 29). 

Macropores can also develop in situ by the rupturing of the dense skin located directly over a channel In 
so the substructure. Thus, an Imperforate membrane becomes perforate during use. 

The active substances and excipients are released from the device of the present invention by either dif- 
fusion or osmotic pumping or a combination of both (Figure 5 - Example 6). Release by diffusion is a passive 
phenomenon In which the active substance moves from a region of high concentration (the interior of the de- 
vice) to a region of lower concentration (the exterior of the device). Release by osmotic pumping makes use 
35 of various osmotically effective compounds in the core of the device. These osmotically effective compounds 
are the driving force of the device and provide a higher osmotic pressure inside the device than that of the 
exterior environment which in the case of a medicinal agent being given orally to a human, would be aqueous. 
Such osmotically effective substances include sugars such as sucrose, lactose, frustose, mannitoi and the like; 
water soluble salts, such as sodium chloride, sodium carbonate, potassium chloride, calcium chloride and so- 
40 dium sulfate, water soluble acids, alcohols, surfactants and the Ike. When the device of this Invention is in- 
tended for human or veterinary use. the osmotic enhancing agents should be pharmaceutical!/ acceptable. 

Other excipients present in the devices of this inventionlnclude such watersoluNe binders as polyethylene 
glycol, gelatin, agar carboxycellulose. ethylmethylcellulose, polyvinyl alcohol, water soluble starch, polyvinyl- 
pyrrolidone and the like; water insoluble binders include cellulose acetate, polyurethane, epoxides and the l&e. 
45 Excipients can include lubricating agents such as magnesium stearate, sodium lauryl sulfate and talc, as well 
as organic acids and inorganic and organic bases to help solubBize the active substances when released. 

The environments of use can vary considerably and Include human and animal bodies, sol, plant surfaces, 
air, aqueous medium and foods and beverages. 

Concerning the active substances, these can vary widely in nature; they can be drugs, nutrients, plant 
so growth regulators, fertilizers, biocides. insecticides, pesticides, pheromones, germicides, and such common 
uses as room deodorizers, pool chlorinators. flavors, fragrances and insect repellents, 
r When the active substance Is a drug. It can be an antihypertensive antianxiety, bronchodiiator, hypogly- 

cemic, a cough or cold agent, antihistamine, decongestant, neoplastic, anti-ulcer, antiinflammatory, hypnotic 
I sedative, tranquilizer, anesthetic, muscle relaxant, anticonvulsant antidepressant antibiotic, analgesic, anti- 

i 55 viral, etc* Further such drugs can be In the form of a solution, dispersion, paste, cream, particle, granule, emul- 

sion, suspension or powder. 

The shape of the devices of the present invention can also vary greatly. They can be in the form of a tablet 
5 capsule or bead which can be used for the administration of a medicinal agent to a human, or In the case of 
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a capsule, can be sufficiently large enough to be used as a bolus in administering medicinal agents to rumi- 
nants. Further, the tablet can be of sufficient size that It can be used to chlorinate pool water over a sustained 
period of time, or to deliver large quantities of other active substances. 

In summarizing the nature of the membrane of the present devices and the methods for releasing active 
substances from the core of said device, the membrane can be permeable, meaning that both solvent and 
active material can pass through the membrane, and Imperforate, meaning there are no visible macropores 
in the dense thin skin. If the skin Is sufficiently strong or the osmotic core pressure sufficiently low, the release 
from this device may be substantially by diffusion (the term "substantially - impiies that most. I.e., over 50% of 
the release is by this release mechanism). If the thin skin forms macropores in staj. the device would continue 
to release by diffusion. If the core of the device contains osmoticaily effective compounds or substances, the 
osmotic pressure could rupture the skin over the channels of the substructure and the release will be sub- 
stantially by osmotic pumping. 

The membrane can also be permeable and perforate. The delivery or release without osmotic substances 
will be substantially by diffusion unless the active substance Itself Is osmotteally active^rth osmotic enhanc- 
ing substances in the core of the device the release can be substantially osmotic pumping. 

The membrane can also be semipermeable, meaning that only the solvent can pass through the mem- 
brane, and imperforate. If the pressure within the core of the device is sufficiently high, macropores can de- 
velop in situ, as mentioned previously, and the release will be substantially by osmotic pumping. * 

The rate of release of the active substances from the devices of the present invention can be controlled 
by the release mechanism, the membrane permeability, the nature of the exclplents, the size of the device 
and the size and number of macropores present In the skin of the membrane. In general, release by osmotic 
pumping releases the active substances faster than diffusion, all other factors being the same. Excipients 
which aid In sdubilizing the active substance enhance release from the device. Also large and numerous mac- 
ropores aid In rapid drffusional release of the active substances. Another factor which can influence the rate 
of release Is the thickness of the membrane and the number of coats of membrane on the number of coats of 
membrane on the device. In the case of beads the use of multiple coats of membranes will slow the release 
of active substances (Figure 18 - Example 21). The presence of one or more piasticizers In the materia! used 
in making the asymmetric membrane can affect the permeability of said membrane and hence the rate of re- 
lease of the active substance. In general. hydrophBic piasticizers, such as glycerine, will Increase permeability 
and release rate whfle hydropholic piasticizers, such as trlethylcitrate wfll reduce permeability and fate of re- 
lease (Figure 44 - Example 52). 

The process for preparing a table device surrounded by an asymmetric membrane, wherein the phase In- 
version is a wet process, consists of dip coating a standard tablet containing the appcopriatsactive substances 
and desired Inert excipients In a solution consisting of from 1 0 to 20% by weight of a cellulose derivative or 
other polymer material and, optionally, from 0 to 35% by weight of one or more porevformlng substances in a 
solvent consisting of ethyl acetate, methyl ethyl ketone, dimethyfformamide, acetone, dioxane or combinations 
thereof. The poreforming substances, if used should meet the criteria previously discussed. 
The coated tablet is then immersed in an aqueous quench bath, removed and the tablet dried. Alternately, the 
tablet, after being removed from the aqueous quench bath can be freed of water by using a subsequent Im- 
mersion in a water soluble, polymer-nonsolubaizing solvent such as Isopropanol. The tablet can be dried at 
this point or it can be put in a bath of an even more volatile solvent than boprbpanoi, such as hexane, pentane 
or cydohexane. These baths employed subsequent to the water bath must be polymer nonsolubllizing. The 
purpose of baths subsequent to the aqueous quench is to facilitate drying while retaining the membrane struc- 
ture. 

The process for the preparation of a tablet device surrounded by an asymmetric membrane, wherein the 
phase inversion is a dry process comprises dip coating the said standard tablet with a solution consisting of 
1 0-20% by weight of the cellulose derivative or other polymer material and 20-40% by weight of one or more 
pore-forming substances in a solvent selected from acetone, methylene chloride or dioxane. The coated tablet 
is then removed and dried. 

As indicated previously, beads can have multiple coats of asymmetric membranes. This requires a repeat 
of one of the processes mentioned above. 

The preparation of capsule shells made of an asymmetric membrane consists of dipping a capsule form 
into a solution of 1 0-20% by weight of a cellulose derivative or other polymer material and, optionally, 0-40% 
by weight of one or more pore-forming substances In a solvent such as acetone or dioxane. The coated capsule 
forms can be immersed in an aqueous quench bath (phase inversion-wet process) and dried, or they can be 
air dried without immersing in an aqueous quench bath. Alternately, as with the tablets the coated capsule 
forms can go through a series of baths as previously described. 

The dried capsules are removed from the forms, filled with the desired core material and a capsule top 
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put on the filled bottom section and sealed by some appropriate method, such as applying overlapping tape 
around the joint of the capsule top and bottom. 

As previously indicated, capsules having either the top or bottom made of an asymmetric membrane and 
the remaining part of an impermeable or semipermeable material is also contemplated by this invention. 
6 The preparation of beads or multiparticulates surrounded by an asymmetric membrane can be carried out 

using a phase inversion dry or wet process. Using the dry process, a slurry of active substances and inert 
excipients in the form of beads In a solution consisting of 1 0 to 20% by weight of a cellulose derivative or other 
" polymer material and 20 to 40% by weight of a pore-forming substance in acetone, dioxane or methylene chlor- 
ide Is spray dried into a room or chamber maintained at a temperature in the range of from 25° to 90°C. The " 
10 separation of the dry coated beads from polymer flakes can be achieved by sieving or by the use of conven- 
tional cyclones. , t , _ t A ^ - J 
The spray drying can be carried out by a conventional spinning disc or by spraying a slurry of coated beads 
from a conventional nozzle into a room or chamber. The formation of macropores in the asymmetric membrane 
coated beads Is enhanced by the nozzle spray drying at a pressure of68.95 to 689.5 kPa(10|ol 00 psQ greater 
is than the pressure in the chamber or room. 

Beads coated with an asymmetric membrane can also be prepared by the phase inversion wet process 
which comprises immersing beads coated with a solution of 10 to 20% by weight of a cellulose derivative or 
other polymer material and. optionally. 0 to 40% by weight of one or more pore-forming substances In acetone 
or dioxane into an aqueous quench bath followed by removal of the beads and drying. 
20 The coated beads of the present invention can be further packaged as a delivery system. For example, 
the asymmetric membrane coated beads can be placed in conventional gelatin capsules or in a capsule com- 
posed of an asymmetric membrane if used in human or veterinary medicine. 

It has also been found that the devices of the present invention can be made with multiple asymmetric 
membranes (Figure 43 - Example 49) by the dry process, which comprises coating beads, capsules or tablets 
25 in a Wurster-type fluidized bed coating system. The devices to be coated can be beads, tablets or f Hied cap- 
sules prepared with the appropriate active substances as previously defined. In the case of capsules, the shell 
thereof can be made of an asymmetric membrane or a conventional shell, such as a gelatin shell. The devices 
to be coated are circulated in the fluidizer bed coating system mentioned above until the desired number of 
multiple coats of asymmetric membrane have been applied. Air flow velocity, air temperature and nozzle ve- 
so locity of the coating spray are obvious parameters which can control the length of time necessary to apply the 
desired number of asymmetric membrane coats. 

In addition to using a fluidized bed coating system to making beads, capsules and tablets having multiple 
asymmetric membranes, a conventional spray coating technique using a rotating pan coater can also be used. 
The following examples illustrate the invention. * 

35 

EXAMPLE 1 

Formation of Asymmetric Membrane Tablet Coating-Wet Process 

40 A coating solution was made of 15 wt% cellulose acetate 398-10 (East man Chemical Products, Inc.) and 
14 wt% formamide, dissolved in acetone, and the solution stored in a sealed container at room temperature 
untfl used. 

Trimazosin tablets made by standard direct-compression techniques and consisting of 40 wt% trimazosin. 
58 wt% Avicel PH102 (FMC Corp.), and 2 wt% magnesium stearate (total weight of 280 mg) were dip-coated 

45 by immersing them in the coating solution and withdrawing them slowly (about three seconds to completely 
withdraw a tablet). The tablets were then air-dried at room temperature for five seconds and then immersed 
in a water quench bath for three minutes. Immediately after the tablets were withdrawn from the water quench 
bath, they were Immersed into an isopropyl alcohol solvent-exchange bath for 3 minutes and subsequently 
Into a hexane solvent-exchange bath, also for 3 minutes. The tablets were then allowed to completely air-dry 

so for at least 12 hours at room temperature. 

The coatings formed in the manner described above were asymmetric in appearance, as shown in Figure 
1. The coating consisted of a porous layer adjacent to the tablet, extending through almost the entire coating 
thickness; on the outsidesurface a dense skin was formed that was Imperforate prior to use. The overall thick- 
ness of the membrane coating was approximately 200 »im, and the thickness of the dense outer skin was less 

55 than 1 um. 
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EXAMPLE 2 

Formation of Asymmetric Membrane Tablet Coating-Wet Process 

5 A coating solution was made of 15 wt% cellulose acetate 396-10 (Eastman Chemical Products, Inc.) and 

14 wt% formamide, dissolved In acetone, and the solution stored in a sealed container at room temperature 
until used. 

Trimazosin tablets were dip-coated and quenched In a water bath as described in Example 1. The tablets 
were then allowed to completely air-dry at room temperature for at least 12 hours. 
io The coatings formed in the manner described were asymmetric in appearance, as shown in Figure 2. The 
coating consisted of a porous layer adjacent to the tablet, extending through almost the entire coating thick- 
ness; on the outside surface a dense skin was formed that was imperforate prior to use. The overall thickness 
of the membrane coatings was approximately 200 urn, and the thickness of the dense outer akin was less than 
1 urn. 



15 



EXAMPLE 3 



Formation of Asymmetric Membrane Tablet Coating-Dry Process 

20 A coating solution was made of 15 wt% cellulose acetate 398-10 (Eastman Chemical Products, Inc.). 1.9 zt 

wt% glycerol, 2.7 wt% water, 11.7 wt% butand, and 21.7 wt% ethanol dissolved in acetone, and the solution 

stored in a sealed container at room temperature until used. 

Trimazosin tablets were dip-coated as described in Example 1 . The coatings were then dried to completion 

at room temperature in quiescent air. A cross-section of these coatings is shown in Figure 3. As described in 
25 Examples 1 and 2, the membrane coating consists mostly of a porous sublayer with a thin, dense outer skin. 25 

The overall thickness of the membrane was about 125 |im and the thickness of the outer skin was about 1 

\im. The outer skin was imperforate prior to use. 

EXAMPLE 4 

30 30 

Osmotic Release from Tablets Coated With Asymmetric Membrane Coating and Dense Membrane Coating 

Ind rvidual triamazosin tablets having a weight of 265 mg and containing 64 wt% trimazosin, 21 wt% micro- 
crystalline cellulose, 13 wt% starch, and 5 wt% lubricant were coated with an asymmetric cellulose acetate 

35 membrane coating simflar to the coating described In Example 1 and with a dense cellulose acetate membrane 35 
coating. ' ■ - J ■ 

The coating solution for the asymmetric membrane was made of 1 5 wt% cellulose acetate 398-10 (East- 
man Chemical Products, Inc.), 27 wt% formamide, dissolved in acetone at room temperature. After dip coating, 
the tablets were air-dried for 30 seconds before they were immersed In the water quench bath for 3 minutes. 

40 As in Example 1 , the tablets were then immersed in an isopropyl alcohol solvent-exchange bath for 3 minutes, 40 
followed by immersion in a hexane solvent-exchange bath for 3 minutes before being allowed to dry to com- 
pletion at room temperature. The average weight of these coatings was 1 3.3 ± 2.5 mg. Based oh measurements 
of coatings made previously in exactly the same manner, the overall thickness of the coating on these tablets 
was assumed to be approximately 250 um. A340-um diameter hole was mechanically drilled through the asynv 

45 metric membrane coating to function as a drug-delivery port 4S 
The coating solution for the dense-membrane coatings was made of 15 wt% cellulose acetate 398-10 dis- 
solved in acetone at room temperature. The tablets were dip-coated, then allowed to air dry before they were 
dip-coated a second time to increase the coating thickness. The average weight of these coatings was 25.0 
± 2.2 mg-almost twice the coating weight of the asymmetric-membrane coatings. The thickness of these 

so dense coatings, approximately 100 um (less than half the thickness of the asyrnmetric-membrane coating), so 
was calculated from the average coating weight, measured surface area, and the reported density for cellulose 
acetate 398-1 0. The dense-membrane coatings had about twice as much cellulose acetate in the coatings and 
were much thinner than are the asymmetric-membrane coatings. Becausethe dense membranes were rela- 
tively thin, more coating material was required to form a durable coating. A 340-um diameter hole was mech- 

55 anically drilled through the dense coating to function as a drug-delivery port. ss 
Release-rate tests were conducted by placing the tablets with the asymmetric- and dense-membrane coat- 
ings in water at 37° C. The release profiles for both types of coated tablets are shown in Figure 4. Both types 
of coated tablets exhibit steady-state constant release rates, as expected from osmotic delivery systems. The 
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steady-state release rate from the tablets coated with the asymmetric-membrane coatings were about 65 times 
higher than those from the same tablets coated with dense membranes. This demonstrates higher water per- 
meability, through asymmetric membrane coatings and subsequently higher release rates compared with 
dense coatings made of the same material. The higher release rates possible with the asymmetric coatings 
are advantageous when higher drug release rates are desired. 

EXAMPLES 

Osmotic Tablets with Asymmetric Membrane Coating - With and Without Hole Drilled Through Coating 

Trimazosin tablets containing 40 wt% trimazosin. 58 wt% Avicel PH102 (FMC Corp.). and 2 wt% magne- 
sium stearate, with a total weight of 350 mg, were coated with asymmetriccellulose acetate membrane coatings 
in the same manner as described in Example 1. A340-um diameter hole was mechanically drilled through the 
coating on some of these tablets. The outer skin of the coatings was continuous except for the drilled holes. 

These tablets were release-rate tested in water at 37° C. The release-rate results were essentially the same 
for tablets with and without a hole drilled through the coatings. The average release rate from the tablets with 
a hole drilled through the coatings was 4.4 ± 0.1 mg/hr compared with 4.7 ± 0.4 mg from the tablets without 
a hole drilled through the asyinmetric-rnembrane coatings. The time lad; before drug delivery began was less 
than an hour for all the tablets. Tablets with a hole drilled through the coating had a time lag about half that 
observed for the tablets without a hole drHIed through the coating. These results Indicate that drug was pumped 
out pores in the asymmetric membrane coating and that drug-delivery ports do not need to be incorporated 
into asymmetric coatings in a separate processing step, as is required In commercially ava&abte osmotic tablets 
that utilize dense coatings. 

EXAMPLE 6 

Osmotic Release From Tablets Coated With Asymmetric Membrane 

Tablets containing 40 wt% trimazosin, 58 wt% Avicel PH 102, and 2 wt% magnesium stearate (total weight 
of 350 mg) were coated with an asymmetric cellulose acetate membrane coating as described In Example 1. 

Release rates were determined from these coated tablets Immersed in a 2.4-wt% magnesium sulfate sol- 
ution and water. The osmotic pressure of the magnesium sulfate solution was about 608 kPa (about 6 atm), 
whereas the osmotic pressure of a saturated solution of trimazosin and the other tablet excipierits was about 
304 kPa (about 3 atm). Thus, there was no osmotic driving force for trimazosin delivery from these tablets into 
the magnesium sulfate solution. The solubility of trimazosin in the magnesium sulfate solution is the same as 
the trimazosin solubility in water, so any difference In release rates from the tablets placed In magnesium sulfate 
solution and water cannot be attributed to different concentration gradients across the membrane. Initially the 
tablets were placed In a stirred solution of 2.4 wt% magnesium sulfate at 37°C. After approximately 3.5 hours 
the tablets were removed from the magnesium sulfate solution and placed in water (which has an osmotic pres- 
sure of 0 kPa (0 atm) for approximately 3 hours and then placed back in fresh 2.4-wt% magnesium sulfate sol- 
ution. Trimazosin release rates into the two solutions vary by approximately an order of magnitude, as shown 
in Figure 1. As expected, the release rate was very low Into the magnesium sulfate solution, since trimazosin 
could only be released into the magnesium sulfate solution by diffusion; the release rate was much higher into 
water due to osmotic pumping of the trimazosin from the tablet As soon as the osmotic driving force was re- 
moved (placing the tablets back in a magnesium sulfate solution) the release rate dropped, convincingly dem- 
onstrating osmotic release from these coated tablets. If the release rates had been controlled by diffusion, then 
the release rates into water and the magnesium sulfate solution would have been the same. 

EXAMPLE 7 

Osmotic Release From Tablets Coated With Asymmetric Membrane 

Doxazosin tablets containing 0.5 wt% doxazosin, 10 wt% adipic acid, 10 wt% PEG 3350, and 79.5 wt% 
lactose (total weight of 500 mg) were coated with asymmetrio-membrane coatings and released Into stirred 
and "unstirred 11 gastric buffer, and "unstirred" intestinal buffer (both "unstirred" solutions were stirred for 20 
seconds each hour before the sample was taken). ' 

The asymmetric coatings were applied in a manner similar to that described in Example 2. The coating 
solution consisted of 15 wt% cellulose acetate 398-10 (Eastman Chemical Products, Inc.) and 33 wt% ethanol 
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dissolved in acetone at room temperature. The tablets were dilated, air-dried for five seconds, then Im- 
mersed in a water quench bath for four minutes and finally allowed to dry to completion at room temperature. 
All solutions and the entire coating process were conducted at room temperature. 

Release-rate tests were conducted in gastric and intestinal buffers at 37°& One release-rate test was con- 
ducted with stirred (about 150 rpms) gastric buffer and two other release rate tests were conducted in mostly 
unstirred gastric and intestinal buffers. The "unstirred" solutions were not stirred during the release-rate test 
except for 20 seconds each hour prior to sampling. The gastric buffer contained sodium chloride, hydrochloric 
acid, and sodium hydroxide, and had a pH of 1 J5 and an Osmotic pressure of 709 kPa (7 atm). The intestinal . 
buffer contained potassium phosphate, mono-basic and sodium hydroxide, and had a pH of 7.5 and an osmotic 
pressure of 709 kPa (7 atm). Doxazosin solubility in the gastric buffer was about 250 ppm and in the intestinal 
buffer was less than 1 0 ppm. The release rate from the tablets placed In stirred (about 1 50 rpms) gastric buffer 
Is 0 17 ± 0 01 mg/hr. The release rate from the tablets placed In the "unstirred- gastric buffer Is 0.17 ± 0.02 
mg/hr. and the release rate from the tablets placed In the "unstirred" intestinal buffer was 0.17 ± 0.01 mg/hr. 
There' was virtually no time lag before drug delivery from any of the tablets and all exhlbtte^cqnstent release 
rates for the duration of the tests (8 hours). Release from osmotic devices is theoretically supposed to be in- 
dependent of the drug solubility in the receptor solution and of the stirring rate as long as boundary layers 
outside of the osmotic device do not develop. The same release rates from these doxazosin tablets placed in 
different receptor solutions demonstrate osmotic delivery using asymmetric-membrane coatings. - 

EXAMPLE 8 

Demonstration of Variations of the Permeability of Asymmetric M embranes on Coated Tablets 

Trimazosin tablets containing 40 wt% trimazosin. 58 wt% Avlcel PH102 (FMC Corp.). and 2 wt% magne- 
sium stearate with a total weight of 350 mg were dip-coated and quenched in a water quench bath, then placed 
In solvent-exchange baths as described in Example 1. The coating solutions consisted of 15 wt% cellulose 
acetate 398-10 (Eastman Chemical Products. Inc.) and 7 to 35 wt% formamlde, dissolved In acetone. The 
asymmetric membrane coatings made with these solutions were 150 urn to 250 urn thick. The thickness of 
the membrane coatings was proportional to the quantity of forrnamide in the coating solution. 

Release-rate tests were conducted, comparing relative permeabilities of the coatings made with coating 
solutions with different forrnamide contents. The coated tablets were placed in water at 37<> C. Steady-state 
release rates with respect to the forrnamide content in the coating solution are shown in Figure 6. The release 
rates increase as the forrnamide content Increases up to a maximum at a forrnamide concentration of about 
20 wt%. At higher forrnamide concentrations the release rates are lower and less consistent from tablet to tab- 
let The point on the graph corresponding to 27 wt% forrnamide was actually from 280 mg trimazosin tablets 
and was normalized with respect to the surface area of the 350 mg tablets. The increasing release rates In- 
dicate that the membrane coatings are becoming more permeable to water with Increasing amounts of for- 
rnamide and subsequently higher release rates are achieved. The membrane coatings with formamlde con- 
centrations higher than 20 wt% are evidently less permeable than some of the coatings made with coating 
solutions containing less forrnamide. This phenomenon has been reported in literature describing reverse-os- 
mosis membranes. The ability to vary the membrane permeability and subsequently the release rate by altering 
the coating formulation provides added flexibility when designing osmotic delivery systems. 

EXAMPLE 9 

Enhancement of Osmotic Release Rate From Asymmetric Membrane Coated Tablets 

Two types of trimazosin tablets were dip-coated in the same manner as described in Example 1 . One type 
of trimazosin tablet was the same as described in Example 1 except that the total weight was 350 mg rather 
than 280 mg. The other type of trimazosin tablet contained 40 wt% trimazosin. 40 wt% calcium lactate. 18 wt% 
Avicel PH102 (FMC Qorp.). and 2 wt% magnesium stearate (total weight of 350 mg). The osmotic pressure of 
a saturated trimazosih solution at 37°C is about 304 kPa (about 3 atm). and the osmotic pressure of a saturated 
trimazosin and lactose solution at 37?Q is about 1.6 MPa (about 15 atm). Trimazosin solubBity is about 40% 
lower in a saturated calcium lactate solution than it is in water. 

The tablets were placed in water at 37°C and release rates were determined. The release rates from the 
trimazosin and the trimazosin/calcium lactate tablets were 4.2 ± 0.05 mg/hr and 7.6 ± 0.42 mg/hr, respectively. 
As expected, the release rate from the trimazosin/calcium lactate tablets was higher than that from the tablets 
that contained trimazosin as the only soluble component Release rates from osmotic delivery systems are 
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theory pcoportlona. «o the deference* «--J?3^^ Z 
ceptor button. The release rate from the «nmaz^J etab. ets^s, difference ln osmotlc 

p=r e t^^^ 

late, and theoretical boundary layers developed in the asymmetnc-membrane coatings. 
EXAMPLE 10 

Control of Osmotic Release Rate From Asymmetric Membrane Coated Tablets 
Ooxazos.nubie.made^ere^ 

osmotic pressures In solution. HmmaiBln 65 wt% ascorbic actC 1 3 wt% Avicel 

EXAMPLE 11 

Formation of Macro pores i n Asymmetric Membrane 

^r^SedtXiS^ (Eastman Cr.em.cai Products. ,nc, and were dissolved 
was increased (Figures 9-1Z). Mreswere formed on the outer sMn as the concentration of gly- 
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lets coated with solutions containing 1 wt%. 10 wt%. and 20 wt% glycerol. H,gher release rates into ^ 
those into the magnesium sulfate solution indicate osmotic release, as was described in Example 6. The re- 
late ra^ two receptor solutions are shown in Table I. The coatings made with 1 wt% and 10 wt% 
glycerol appeared to deliver trimazosin osmotically (higher release rates in waterthan in the magneshjm sulfate 
solution) ^ereleaseratesfromtheteblete^ 

into the two receptor solutions, which is characteristic of diffusions! release. Thus, by controlling the ycerol 
concentration In the coating solution, tablet coatings can be made <hat facQitate osrrwtic and/or drffusbnaJ re- 



lease of the drug. 



Table I 



Released Into Released 

Tablet Coating 2.4-*t% MqS0 | Into H^O 

1) 15 wtt CA/1 wtt 2.41 + 0.43 6.30 ♦ 0.27 

glycerol/64 wtt 



acetone 



21 15 vt% CA/10 wtt 4.62 ± 0.54 7.65 + 1.05 

glycerol/75 wtt 



acetone 



3) 15 wtt CA/20 wtt 3.03 ± 2.22 3.39 ♦ 0.35 

glyoerol/65 wtt 



acetone 



EXAMPLE 12 

Formation of Macro pores in Asymmetric Membrane 



Trimazosin tablets as described in Example 11 were coated with a coating suspension consisting of 15 
wt% cellulose acetate 398-10 (Eastman Chemical Products. Inc.). 5 wt% sodium acetate and 80 wt% acetone. 
(The sodium acetate did not dissolve in the coating solution, thus this coating solution was a suspension.) The 
tablets were dip-coated in the stirred coating suspension as described in Example 2. The membrane coatings 
formed on the tablets were asymmetric and the outer skin had many macropores through the surface. These 
macropores were about 1 urn to 5 urn in diameter, as can be seen in Figure 1Z These macropores were formed 
during the coating process and could serve as drug delivery ports for osmotic release. 



EXAMPLE 13 



Asymmetric Membrane Polymers 

Trimazosin tablets containing 40 wt% trimazosin, 58 wt% Ethocel M50 (Dow Chemical Co.). and 2 wt% 
magnesium stearate with a total weight of 500 mg were coated with asymmetric membranes made of cellulose 
acetate 398-10 (Eastman Chemical Products. Inc.), Ethocel M50 (Dow Chemical Co.). and cellulose acetate 
butyrate 171-15 (FMC Corp.). The tablets were dip-coated in the same manner as described In Example 2. 
The three coating solutions contained 1) 15 wt% cellulose acetate 398-10. and 33 wt% ethanol dissolved in 
acetone* 2) 12 wt% Ethocel M50. 16 wt% formamlde. and 24 wt% methanol dissolved in methyl acetate; and 
3) 20 wt% cellules* acetate butyrate 171-15. 9 wt% acetic acid, and 20 wt% formamlde dissolved In acetone. 

The trimazosin release rates from all three coated tablets were constant, or zero order, for the duration of 
the teste (7.5 hours), which is typical for osmotic delivery systems. The release rates from tablets coated with 
asymmetric cellulose acetate. Ethocel M50. and cellulose acetate butyrate coatings were 3.6 ± 0.2 mg/ml. 0.47 
± 0.11 mg/ml. and 0.22 ± 0.11 mg/ml, respectively. Thus, asymmetric-membrane coatings that have different 
water permeabilities and correspondingly different drug release rates. 
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EXAMPLE 14 

Release Rates of Asymmetric Membrane Coated Tablets Prepared by Dry and Wet Processes 

Trimazosin release rates into water at 37° C. from the coated tablets described in Example 3 were com- 
pared with those reported in Example 5. The asymmetric cellulose acetate coatings described in Example 3 
were formed by the dry process, that is, a water quench bath was not used. By comparison, the tabletcoatings 
described in Example 5 were formed by Immersing the coated tablets in a water quench bath, trimazosin re- 
lease rates from the tablets coated by the dry process were 1 .3 ± 0.0 mg/hr compared with release rates of 
4.7 ± 0.4 mg/hr from tablets coated by the quench process. The trimazosin tablets coated by the quench proc- 
ess were larger (350 mg) than those coated by the dry process (280 mg). Normalizing the release rates with 
respect to tablet surface areas, the release rate from the tablets coated by the dry process was 3.9 ± 0.4 mg/hr. 
Thus, the release rate from tablets coated by the dry- process membranes was about one third that from tablets 
coated by the quench process. The dry process coatings are evidently less permeable to water than those 
made by the quench process. 

EXAMPLE 15 

Asymmetric Membrane Capsules 

Capsules have been made with asymmetric-membrane walls. A solution of 15 wt% cellulose acetate 398- 
10 (Eastman Chemical Products, Inc.), and 33 wt% ethanol dissolved in acetone was used to make the cap- 
sules. The solution was kept at room temperature. 

Mandrels were made of glass tubes (9 mm and 10 mm outside diameter) fired at one end until they were 
rounded and had a smalt hole (about 1 mm diameter) in the end. A lactose slurry (2 parts lactose and 1 part 
water) was coated on the glass rods then dried to completion. 

The mandrels were immersed in the coating solution and withdrawn slowly (5 seconds to completely with- 
draw the mandrels). The coated mandrels were inverted and allowed to dry In room-temperature air for 5 sec- 
onds and then were immersed in a water quench bath, also at room temperature. The coated mandrels were 
removed from the water quench bath after 20 minutes and the capsules were removed from the mandrels by 
sliding a tightly fitting collar down each mandrel and sliding the capsules off. The capsules were then dried 
for at least 12 hours in room-temperature air. The dry capsules were trimmed to size with a razor blade. 

Capsules formed by the process described above had walls asymmetric in structure with an overall thick- 
ness of about 1 50 um. The inside surface of the capsules and essentially the entire thickness of the capsule 
wali were porous. The dense outer skin was about 1 um thick, as shown in Figure 13, and was continuous and 
imperforate. 

EXAMPLE 16 

Osmotic and Dif fusional Release from Asymmetric Membrane Capsules 

Asymmetric-membrane capsules were made In the same manneras described in Example 15. The polymer 
solution used to make these capsules consisted of 17 wt% cellulose acetate 393-10 (Eastman Chemical Prod- 
ucts, Inc.), and 30 wt% ethanol dissolved In acetone. The capsules were soaked in a 20-wt% glycerol solution 
for at least 12 hours after they were removed from the mandrels. The capsules were then allowed to dry at 
room temperature for at least 12 hours. Soaking the capsules In the glycerol solution plasticized the capsules. 
Once plasticized, the capsules remained flexible and resilient for at least six weeks. 

The capsules were loaded with 250 mg of a powdered-drug mixture. The drug mixture consisted of 1 wt% 
doxazosin, 10 wt% adiplc acid, and 89 wt% lactose. The powder was loaded into the body of the capsule, then 
a thin band of adhesive solution was placed around the capsule body such that when the cap of the capsule 
was placed on the body it would cover the adhesive band. Another band of the adhesive solution was then 
placed around the capsule at the joint between the cap and the body. The adhesive solution was 10 wt% cel- 
lulose acetate In ethyl acetate. The adhesive was allowed to dry for at least two hours before the capsules 
were tested." 

The capsules were placed in solutions with different osmotic pressures. The receptor solutions were dex- 
trose solutions of various concentrations and gastric buffer (described in Example 7). The pH of the dextrose 
solutions was adjusted to a pH of 4 by adding tartaric acid. The doxazosin solubflity in all the dextrose solutions 
was about 10 mg/ml, and the doxazosin solubility in gastric buffer was about 250 ppm. Release rates from os- 
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motic delivery systems are not dependent on the solubility of the receptor solution. 

The doxazosin release rates from these capsules were higher in solutions having lower osmotic pressure, 
as shown in Figure 14. The difference in osmotic pressure between the solution inside the capsule and the 
receptor solution outside the capsule is the osmotic driving force. Consequently, the osmotic release rates 
were inversely proportional to the osmotic pressure of the receptor solution. The osmotic pressure Inside the 
. capsule was about 25 atm, so the doxazosin released into the 34-atm solution was drffusional rather than 
osmotic delivery. These data verify that asymmetric capsules can osmotically deliver drugs and that there is 
a much smaller but significant drffusional contribution to the overall release of doxazosin. 

EXAMPLE 17 

Control of Time Lag Before Release from Asymmetric Membrane Capsules 

Asymmetric-membrane capsules were made as described in Example 15. The only, exception to the pro- 
- cedure described in Example 15 was that the mandrels used to make the capsules were hard gelatin capsules 
in place of glass rods coated with lactose. 

. , The capsules were loaded with three different drug formulations: 1) 300 mg of a 40 wt% trimazostn and 
60 wt% calcium lactate powder mixture. 2) 600 mg slurry of 30 wt% trimazosln In PEG 900 (PEG 900 Is a liquid 
at 37° C. and a solid at room temperature), and 3) 260 mg of a 70 wt% trimazosin and 30 wt% tartaric add 
powder mixture. Significantly more of the trimazosin/PEG 900 slurry could be loaded in the capsules since It 
was a liquid suspension rather than a powder. The capsules were sealed with an epoxy adhesive In the same 
manner as described in Example 16. 

These capsules were placed in water at 37° C, and the release of trimazosin was monitored. Time lags 
before trimazosin delivery began were 7.5 hours, 3 hours, and 0 hours from the capsules loaded with, trirna- 
zosin/calclum lactate powder, trimazosinrtartaric acid powder, and trimazosin/PEG 900 slurry, respectively. A 
saturated solution of trimazosin and calcium lactate has a lower osmotic pressure than a saturated solution of 
trimazosin and tartaric acid, thus a longer time lag from the capsules loaded with trimazosin and calcium lactate 
would be expected. The rate of water Inhibition into the capsules is theoretically proportional to the osmotic 
pressure within the capsule. The even shorter time lag from capsules loaded with a trimazosin in PEG 900 
slurry was probably due to a combination of the reduction of the interstitial volume between the powder par- 
ticles, better initial contact with the inside surface of the capsule, and plasticization by the PEG 900, which 
may facilitate quicker wetting of the membrane and a higher water permeability. The abBfty to control the time 
lag before drug delivery begins may be advantageous for designing drug-delivery systems that must be re- 
leased in the intestines or for other specialized drug-delivery profiles. 4 

EXAMPLE 18 

Macro pores In Asymmetric Membrane Capsules 

Asymmetric-membrane capsules have been made that have macro pores through the outer skin of the cap- 
sules. These macropores function as drug delivery ports through which the drug solution is pumped from the 
capsules. The capsules were made by the same .method as described in Example 15. Gycerol was added to 
the polymer solution and the ethanol was removed. The polymer solution consisted of 1 7 wt% cellulose acetate 
393-1 0 (Eastman Chemical Products, Inc.) and 1 wt% to 20 wt% glycerol dissolved in acetone. The macropores 
were more numerous and slightly larger as more glycerol was used in the polymer solution and were similar ? 
in appearance to the macropores in the tablet coatings described in Example 1 1. The cross section and surface | 
of a capsule wall made with a 17 wt% cellulose acetate and 3 wt% glycerol solution In acetone is shown in 
Figure 15. The macropores through the surface and the interconnecting pathways through the capsule wall 
are apparent in the SEM. 

Capsules with macropores (such as the formulation described above) have been loaded with dextran blue 
and lactose, then placed in water. Dextran blue delivery from the capsules began within the first hour and was \ 
pumped out at a constant rate for several hours. Although the dextran blue cannot actually be seen exiting £ 
each macro pore, the blue color aggregates around the exterior of the capsule, and a steady stream-flows to | 
the bottom of the container. In capsules that do not have macropores through the surface, the dextran blue % 
Is pumped out discrete delivery ports formed in the asymmetric capsule walls, sometimes with such force that ' 
a stream of dextran blue is ejected horizontally for more than a centimeter through the water before it flows 
to the bottom of the container. Thus, macropores can be formed through the outer skin of asymmetric mem- 
brane capsules and appear to function as drug-delivery ports for osmotic drug delivery. 
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EXAMPLE 19 



Asymmetric Membrane Polymers 

Asymmetric-rnernbrane capsules have been made wit h cellulose acetate 398-10 (Eastman Chemical Prod 
ucts. Inc.). Ethocel M50 (Dow Chemical Co.). and cellulose acetate butyrate 1 71-15 (FMC Corp.) The cellulose 
.acetate capsules were the same as described in Example 15. and the Ethocel and cellulose acetate butyrate 
capsules were made In the same manner as described In Example 1 5. The Ethocel polymer solution eonsL-H 
of 12 wt% Ethocel M50. 16 wt% formam.de. and 24 wt% methanol dissolved In nSSZS^SZS. 

20°^™,^ ^T S °T n " nsisted ° f 20 "* cellulose acetate butyrate. 9 wt% acetic acid, a~d 
20 wt% formamlde dissolved in acetone. The average wall thicknesses of the Ethocel and the cellulose acetate 
K£ ^ T a PP radmate, y 300 *"« 450 urn. respectively. The thickness of the dense outer sk£ 
for both these capsules was about 1 urn. All of the capsules were loaded with a 30 wt% trimazosin In PEG 

frrJX^ re,6aS f "f 8 ,!"! 0 water at 37 * C - were 77 * °-2 mfl/hr. 2.2 ± 0.4 mg/hr. and 0.65 ± 0.4 mg/hr 
from the capsules made of cellulose acetate. Ethocel. and cellulose acetate butyrate. respectively Thesedate 
fifferent water permeaMities In the polymers Investigated and how these properties can be vtt 
bed to formulate osmotic capsules with different release kinetics. 

EXAMPLE 20 

Asymmetric Membrane Coated Beads 

.rJ^F™?* 0 membra " e Coatin9S were a PP |ied to non-pareB beads (20- to 25-mesh. or about 1 mm in di- 
ameter) wrth a spray-coating process. The beads were mixed with the polymer coating solution, then sprayed 
through an external-mixing air-atomizing nozzle (Model 100150) available from Spraying Systems Co, Wheat 
on, Illinois* *' 

The polymer coating solution consisted of 15 wt% cellulose acetate 398-1 0 (CA. Eastman Chemical Prod- 
ucts. lna)anda38H^nonsolventmixtufe dissolved in acetone. The nonsolvent mixture consisted of 57vrt% 
ethand. 31 wt% butanol. 7 wt% water, and 5 wt% glycerol. 1 
Q . ™ e beads and Po'ymer solution were mixed just upstream from the spray nozzle, and the mixture of beads 
the^^^Z^^T a room kept at about 40- C. As the beads were sprayed imp the room, 
tne solvent evaporated from the beads and an asymmetric-membrane coating was formed around the beads 
not rlSIIfr W, )t mbran9 '"I!,"" 03 wereformed on the beads by a dry process; that is. a quench bath was' 
wt™l£^ .! asymmetrlMnembrane coatings. Excess polymer precipitated In flakes, and the beads 
were separated from the polymer flakes by sieving. Typically, a 7-wt% coating was applied to he beads The 
asj«c coaUngs on beads (Figure 16) were similar in appearance to the dry-process asymme^nem! 
brane tab et coatings described In Example 3. The asymmetricmembrane coatings on beads werTmuc^h^ 
ner han the dry-process coatings on tablets. The overall thickness of the coatings on beads was about 10 
urn to 20 urn. compared with a thickness of about 200 urn on tablets. Coatings formed on both tablets and 
iSlSt POr ° US H eSSenUa " y ,he ertire ,h,CkneSS and had 0 dense outW8kin «" a « was approxh^tely 

EXAMPLE 21 

Multiple Co atings of Asymmetric Membrane on Beads 

Doxazosin beads (20- to 25-mesh) containing 5 wt% doxazosin. 15 wt% Avicel PH101 (FMC Corp ) 9 wt% 
adipic acid, and 71 wt% lactose were prepared. In addition, a 2-wt% precoat of 9 parts sucrose and 1 part hv- 
o^ropylmethylcellulose was also applied to these beads. The beads were coated as described in Example 
20 with the polymer solution heated to 34- C The coating process was repeated three times, and after each 
coating a quantity of beads were set aside; thus, beads were obtained with single, double, and triple coatings 
The overall coating thickness varied from 5 urn to 15 uni for the single-coated beads, from 10 urn to 25 urn for 
the double-coated beads, and 20 pm to 30 urn for the triple-coated beads, as determined by SEM observation 
^Z 0 "^ ^ COati " 9S WaS dissolved bv the subsequent coatings, leaving a homogeneous porous layer 
hrough the entire coating exceptfor an outer skin that was approximately 1 urn thick, as shown by the example 
in Figure 17. The outside skin was the same forsingle, double and triple coatings 
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Release rates were determined from these beads (65 mg) into a lactose solution with an osmotic pressure 
of 709 kPa (7 atm). The pH of the lactose solution was lowered to 4 with tartaric acid so the doxazosin solubility 
would be the same as in water (10 mg/ml)- Release rates were lower from beads that were coated more times, 
as shown in Figure 1 B. This was probably due to the increase in overall thickness of the asymmetric coating 
as additional coatings were applied. 

EXAMPLE 22 . 

Osmotic Release From Asymmetric Membrane Coated Beads 

Triple-coated doxazosin beads, as described in Example 21, were released into receptor solutions of dif- 
fering osmotic pressures. The beads were released into water (osmotic pressure of 0 kPa), a lactose solution 
with an osmotic pressure of 709 kPa (7 atm), and a dextrose solution with an osmotic pressure of 2-03 MPa 
(20 atm). Tartaric acid was added to the lactose and dextrose solutions to adjust the pH.to 4 so that the dox- 
azosin solubility, 10 mg/ml, would be the same in these sugar solutions as it was In water. Thus, any differences 
in release rates from the beads into the different receptor solutions will not be due to different concentration 
gradients across the membrane coatings, and the diffusfonal contribution to the drug release from the beads 
is the same in all cases. The doxazosin-release rates into these three receptor solutions are shown In Figure 
19. 

Approximately 0.6 mg of doxazosin was released at different, constant rates from 65 mg of beads placed in 
each of the receptor solutions. Presumably, the soluble fillers were almost completely released at the point 
when 0.6 mg of doxazosin had been released, decreasing the osmotic driving force and the doxazosin-release 
rate. The dependence of the release rates on the osmotic pressure, or more precisely, the difference In osmotic 
pressure between the solution inside of the beads and the receptor solution is characteristic of osmotic release. 

EXAMPLE 23 

Formation of Macro pores in Asymmetric Membrane Coated Beads 

Asymmetric-membrane coatings have been applied to non-pareils by mixing the beads (20- to 25-mesh) 
in a polymer coating solution at room temperature (same polymer coating solution as that described in Example 
20). The beads and coating solution were placed in a pressure vessel, and 276 kPa (40 psi) was applied to 
the vessel. The beads and polymer solution were sprayed out an airless nozzle (a hose connector with a 3- 
mm diameter orifice) into room-temperature air. The sudden pressure drop as the beads and the coating were 
sprayed out the nozzle caused bubbles to form in the coating solution, thus forming rnacropores through the 
outer skin as the coating precipitates (Figure 20). The same coating solution (and conditions) but applied with- 
out a pressure drop forms a continuous,, dense outer skin, as described in Example 3. 

EXAMPLE 24 

Formation of Asymmetric Membrane Coated Beads-Wet Process 

Trimazosin beads (18- to 20-mesh), containing 30 wt% trimazosin and 70 wt% Avicel PH101 (FMC Corp.) 
were mixed with a polymer coating solution and dripped Into a water quench bath to form asymmetric osmotic 
beads. The polymer coating solution was made of 15 wt% cellulose acetate 398-10 (Eastman Chemical Prod- 
ucts, Inc.), and 33 wt% ethanoJ dissolved in acetone and was used at room temperature. A mixture of beads 
and coating solution was dripped into a water quench bath at room temperature from a disposable plpet tip, 
forming large, spherical asymmetric beads that could contain from none to several smaller trimazosin beads. 
The beads were kept in the water quench bath for about a minute then removed and allowed to afr-dry at room 
temperature for at least 12 hours. These asymmetric beads had diameters of 2 to 3 mm and a skinned outer 
surface. Inside the particles was a porous cellulose acetate network. Any trimazosin beads present were dis- 
persed In the porous cellulose acetate network. Osmotic release of trimazosin from these beads was demon- 
strated by submerging these beads in water and in a 4 wt% magnesium sulfate solution. The results are shown 
in Figure 21 . The solubility of trimazosin is the same In both solutions; thus, the 75% decrease In release rate 
into the magnesium sulfate solution was due to reduction of the osmotic driving force across the membrane 
coating, demonstrating osmotic release: 
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EXAMPLE 25 

Formation of Macro pores in Asymmetric Membranes 

5 Doxazosin tablets containing 1.7 wt% doxazosin. 10 wt% adipic acid, 10 wt% PEG 3350, and 78.3 wt% 

lactose (totaJ weight of 150 mg) were dip-coated with a solution consisting of 15 wt% CA398-10, 30 wt% etha- 
nol, and 55 wt% acetone. The coated tablets were air-dried for 5 seconds and then immersed in a 60° C. water 
quench bath for 5 minutes. After the coated tablets were removed from the quench bath, they were air-dried 
for at least 12 hours at ambient temperature and humidity. These membrane coatings were asymmetric and 

10 had macro pores in the outer surface of the coating. Small bubbles could be seen forming on the surface of 
the membrane coating as It precipitated in the quench bath. Several of these bubbles ruptured the skin of the 
membrane coating forming macro pores that could serve as drug-delivery ports. 

EXAMPLE 26 ^ 

15 

Formation of Macro pores In Asymmetric Membranes 

Doxazosin tablets as described In Example 25 were dip-coated with a solution consisting of 15 wt% CA 
393-10, 30 wt% ethanoJ, and 55 wt% acetone. The coated tablets were air-dried for 5 seconds and then lm- 
20 mersed In an ethariol quench bath at ambient temperature for 5 minutes. After the tablets were removed from 
the quench bath, they were air-dried for at least 12 hours at ambient conditions. The membrane coatings were 
asymmetric and the outer skin had many macropores through the surface. These macro pores were about 1 
urn in diameter. The macropores were formed during the coating process and could serve as drug delivery 
ports. 

25 

EXAMPLE 27 

Formation of Asymmetric-Membrane Capsules Made With Ethylcellulose 

so Capsules with asymmetric-membrane walls were made from a coating solution of 15 wt% ethylcellulose 

(Ethocel std-45, Dow Chemical, Midland, Michigan), 25 wt% acetic acid, and 5 wt% glycerol dissolved in acet- 
one. 

Capsules were made using two sizes of mandrels— one size for the capsule cap and onesize for the cap- 
sule body. The mandrels were immersed in 40°C coating solution and were withdrawn slowly, taking 7 seconds 

35 to completely withdraw tfie mandrels. The coated mandrels were exposed to room-temperature air for 30 sec- 
onds and then immersed in a 45°C quench bath that contained 5 wt% glycerol in water. The coated mandrels 
were removed from the quench bath after 30 minutes, and the capsule caps and bodies were removed from 
the mandrels by sliding a tight collar down each mandrel to force the caps and bodies off the mandrels. The 
capsule caps and bodies were dried in room-temperature air for at least 12 hours and then trimmed to the de- 

40 sired lengths. 

Capsules formed by the process described above had walls about 200 urn thick that were asymmetric In 
structure. Essentially the entire thickness of the capsule wall, including the inside surface of the capsule, was 
porous. The dense outer skin was less than 1 um thick and, as shown In Figure 22, was continuous and im- 
perforate. 

45 These capsules were loaded with 200 mg of a powder mature that contained 5 wt% glipizide (a diabetes 

drug) and 95 wt% tromethamine. The loaded capsules were sealed at the Junction of the trimmed end of the 
cap and the capsule body with a narrow band of solution that contained 15 wt% cellulose acetate (CA 398- 
10, Eastman Chemicals, Kingsport, Tennessee), 8 wt% glycerol, and 25 wt% ethanol dissolved In acetone. 
The volatile solvents were evaporated, leaving a cellulose acetate seal that prevented the capsule cap and 

so body from separating during releaserate tests. 

For release-rate tests, the loaded capsules were placed in a stirred solution of simulated Intestinal buffer 
(osmotic pressure of 709 kPa (7 atm) and pH of 7.5) at 37°C. About 70% of the glipizide was released at a 
constant rate-a release pattern that is typical of osmotic-delivery systems. The steady-state release rate of 
glipizide (during the period of constant release) was 0.63 ± 0.08 mg/hr. 

65 
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EXAMPLE 28 

Formation of Asvmmetric-Membrane Capsules Made With C ellulose Acetate Butyrate 

Capsules with asymmetric-membrane walls were made from a coating solution of 15 wt% cellulose acetate 
butyrate (CAB 381-20, Eastman Chemicals. Kingsport, Tennessee). 30 wt% ethanol. and 5 wt% glycerol dis- 
solved in acetone. ■ 

Capsules were made using two sizes of mandrels-one size for the capsule cap and one size for the cap- 
sule body. The mandrels were immersed in room-temperature coating solution and were withdrawn slowly, tak- 
ing 9 seconds to completely withdraw the mandrels. The coated mandrels were exposed to room-temperature 
airfor7seconds and then immersed in a room-temperature quench bath that contained 5 wt% glycerol In water. 
The coated mandrels were removed from the quench bath after 30 minutes, and the capsule caps and bodies 
removed from the mandrels by sliding a tight collar down each mandrel to force the caps and bodies off the 
mandrels. The capsule caps and bodies were dried in room-temperature air for at least 12^ours and then trim- 
med to the desired lengths. ^, , . 

Capsules formed by the process described above had walls about 250 jim thick that were asymmetric In 
structure Essentially the entire thickness of the capsule wall, including the inside surface of the capsules, 
was porous. The dense outer skin was less than t pm thick and. as shown In Figure 23. was continuous and 

^eTecapsules were loaded with 200 mg of a powder mixture that contained 10 wt% glipizide (a diabetes 
drug.) and 90 wt% tromethamine. The loaded capsules were sealed at the Junction of the trimmed end of the 
cap and the capsule body with a narrow band of a solution that contained 15 wt% cellulose acetate (CA 398- 
10. Eastman Chemicals. Kingsport. Tennessee). 8 wt% glycerol, and 25 wt% ethanol dissolved in acetone 
The volatile solvents were evaporated, leaving a cellulose acetate seal that prevented the capsule cap and 
body from separating during release-rate tests. 

For release-rate tests, the loaded capsules were placed in a stirred solution of simulated Intestinal buffer 
(osmotic pressure of 709 kPa (7 atm) and pH of 7.5) at 37*C. About 70% of the glipizide was released at a 
constant rate-a release pattern typical of osmotic-delivery systems. The steady-state release rate of glipizide 
(during the period of constant release) was 1.60 + 0.15 mg/hr. 

EXAMPLE 29 

Formation of Asymmetric-Membrane Capsules Made With A Blend of Ethylcellulose and Cellulose Acetate 

Capsules with asymmetric-membrane walls were made from a coating solution of 10 wt% ethytcelluiose 
(Ethocel stri-100. Dow Chemical. Midland. Michigan). 2 wt% cellulose acetate (CA 398-10. Eastman Chemi- 
cals Kingsport. Tennessee). 30 wt% ethanol. and 10 wt% glycerol dissolved In acetone. 

Capsules were made using two sizes of mandrels-one size for the capsule cap and one size for the cap- 
sule body. The mandrels were Immersed in room-temperature coating solution and were withdrawn slowly, tak- 
ing 9 seconds to completely withdraw the mandrels. The coated mandrels were exposed to room-temperature 
airfbr 7 seconds and then immersed in a room-temperature quench bath that contained 5 wt% glycerol In water. 
The coated mandrels were removed from the quench bath after 30 minutes, and the capsule caps and bodies 
removed from the mandrels by sliding a tight collar down each mandrel to force the caps and bodies off the 
mandrels. The capsule caps and bodies were dried in room-temperature air for at least 12 hours and then trim- 
med to the desired lengths. • . * l * _ . 

Capsules formed by the process described above had walls about 200 urn thick that were asymmetric In 
structure. Scanning electron microphotographs (SEMs) showed that in some areas CAhad separated from the 
Ethocel. forming dispersed spheres throughout the membrane, as shown in Figure 24. The Incompatibility be- 
tween the two polymers also caused macropores to form In the surface of the membrane. These macropores 
can function as drug-delivery ports. Thus, blending two Incompatible polymers can be used to form asymmet- 
ric-membrane capsules or coatings that contain macropores In the surface. 

These capsules were loaded with 200 mg of a powder mixture that contained 1 0 wt% glipizide (a diabetes 
druo) and 90 wt% N-methylglucamine. The loaded capsules were sealed at the junction of the trimmed end 
of the cap and capsule body with a narrow band of a solution that contained 15 wt% cellulose acetate (CA 
398-1 0. Eastman Chemicals. Kingsport Tennessee). 6 wt% glycerol, and 25 wt% ethanol dissolved In acetone. 
The volatile solvents were evaporated, leaving a cellulose acetate seal that prevented the capsule cap and 
body from separating during release-rate tests. . , L rr 

For release-rate tests, the loaded capsules were placed in a stirred solution of simulated intestinal buffer 
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(osmotic pressure of 709 kPa (7 atm) and pH of 7.5) at 37°C. About 70% of the glipizide was released at a 
constant rate-a release pattern that is typical of osmotic-delivery systems. The steady-state release rate of 
glipizide (during the period of constant release) was 2.2 + 0.2 mg/hr. 



EXAMPLE 30 

Formation of Asymmetric-Membrane Capsules Made With A Blend of Cellulose Acetate Butyrate Ethylcellu- 
lose ~ : 



Capsules with asymmetric-membrane walls were made from a coating solution of 1 3 wt% cellulose acetate 
butyrate (CAB 381-20, Eastman Chemicals, Kingsport, Tennessee), 2 wt% ethytcellutose (Ethocel std-100, 
Dow Chemical, Midland, Michigan), 30 wr% ethanol, and 5 wt% glycerol dissolved in acetone. 

Capsules were made using two sizes of mandrels-one size for the capsule cap and one size for the cap- 
sule body. The mandrels were immersed in room-temperature coating solution and were then withdrawn slow- 
ly, taking 7 seconds to completely withdraw the mandrels. The coated mandrels were exposed to room- 
temperature air for 7 seconds and then immersed in a room-temperature quench bath that contained 5 wt% 
glycerol in water. The coated mandrels were removed from the quench bath after 30 minutes, and the capsule 
bodies and caps were removed from the mandrels by sliding a tight collar down each mandrel to force the caps 
and bodies off the mandrels. The capsule bodies and caps were dried in room-temperature air for at least 12 
hours and then trimmed to the desired lengths. 

Capsule bodies and caps formed by the process described above had wails about 200 urn thick that were 
asymmetric in structure. Essentially the entire thickness of the capsule wall, including the inside surface of 
the capsule, was porous. The dense outer skin was less than 1 urn thick and had many dimples, as shown in 
Figure 25. The dimples appear to contain macropores in the outer skin, which could serve as drug-delivery 
ports. 

The capsules were loaded with 200 mg of a powder mixture that contained 1 0 wt% glipizide (a diabetes 
drug) and 90 wt% N-methylglucamine. The loaded capsules were sealed at the Junction of the end of the cap 
and the capsule body with a narrow band of a solution containing 15 wt% cellulose acetate (CA 398-10, East- 
man Chemicals, Kingsport, Tennessee), 8 wt% glycerol, and 25 wt% ethanol dissolved in acetone. The volatile 
solvents were evaporated, leaving a cellulose acetate seal that prevented the capsule cap and body from sep- 
arating during release-rate tests. 

For release-rate tests, loaded capsules were placed in a stirred solution of simulated Intestinal buffer (os- 
motic pressure of 709 kPa (7 atm) and pH of 7.5) at 37°C. About 70% of the glipizide was release ata constant 
rate-a release pattern that is typical of osmotic-delivery systems. The steady-state release rate of glipizide 
(during the period of constant release) was 1.25 + 0.05 mg/hr. 

EXAMPLE 31 

Formation of Asymmetric-Membrane Capsules Made With a Blend of Cellulose Acetate Butyrate and Cellu- 
lose Acetate : : 

Capsules with asymmetric-membrane walls were made from a coating solution of 12 wt% cellulose acetate 
butyrate (CAB 381-20, Eastman Chemicals, Kingsport, Tennessee), 3 wt% cellulose acetate (CA 398-10, East- 
man Chemicals. Kingsport, Tennessee), 30 wt% ethanol, and 5 wt% glycerol dissolved in acetone. 

Capsules were made using two sizes of mandrels— one size for the capsule cap and one size for the cap- 
sule body. The mandrels were immersed in 12°C coating solution and were withdrawn slowly, taking 7 seconds 
to completely withdraw the mandrels. The coated mandrels were exposed to room-temperature air for 7 sec- 
onds and then immersed in a 42°C quench bath that contained 5 wt% glycerol in water. The coated mandrels 
were removed from the quench bath after 30 minutes, and the capsule caps and bodies removed from the 
mandrels by sliding a tight collar down each mandrel to force the caps and bodies off the mandrels. The capsule 
caps and bodies were dried in room-temperature air for at least 12 hours and then trimmed to the desired 
lengths. 

Capsule bodies and caps formed by the process described above had walls about 300 urn thick that were 
asymmetric in structure. Essentially the entire thickness of the capsule wall, including the inside surface of 
the capsule, was porous. The dense outer skin was less than 1 urn thick and, as shown in Figure 26, was con- 
tinuous and imperforate. 

The capsules were loaded with 200 mg of a powder mixture that contained of 10 wt% glipizide (an anti- 
diabetes drug) and 90 wt% N-methylglucamine. The loaded capsules were sealed at the junction of the trim- 
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med end of the cap and the capsule body with a narrow band of a solution containing 15 wt% cellulose acetate 
(CA 398-10, Eastman Chemicals. Kingsport, Tennessee), 8 wt% glycerol, and 25% ethanol dissolved in acet- 
ate. The volatile solvents were evaporated, leaving a cellulose acetate seal that prevented the capsule cap 
and body from separating during releaserate tests. 

For release-rate tests, loaded capsules were placed in a stirred solution of simulated Intestinal buffer (os- 
motic pressure of 709 kPa (7 atm) and pH of 7.5) at 37°C. About 70% of the glipizide was released ata constant 
rate— a release pattern that is typical of osmotic-delivery systems. The steady-6tate release rate of glipizide 
(during the period of constant release) was 2.91 + 0.22 mg/hr. 

EXAMPLE 32 

Formation of Asymmetric-Membrane Capsules Made With Cellulose Acetate Propionate 

Capsules with asymmetric-membrane walls were made from a solution of 34 wt% cellulose acetate pro- 
pionate (CAP 482-0.5, Eastman Chemicals, Kingsport, Tennessee), and 10 wt% glycerol dissolved in acetone. 

Capsules were made using two sizes of mandrels-one size for the capsule cap and one size for the cap- 
sule body. The mandrels were immersed in room-temperature coating solution and were withdrawn slowly, tak- 
ing 9 seconds to completely withdraw the mandrels. The coated mandrels were exposed to room-temperature 
air for 3 seconds and then immersed in a room-temperature quench bath that contained 15 wt% glycerol in 
water. The coated mandrels were removed from the quench bath after 30 minutes, and the capsule caps and 
bodies were removed from the mandrels by sliding a tight collar down each mandrel to force the caps and bod- 
ies off the mandrels. The capsule caps and bodies were trimmed to the desired lengths and then dried in room- 
temperature air for at least 12 hours. 

Capsules formed by the process described above had walls about 450 um thick that were asymmetric in 
structure. Essentially the entire thickness of the capsule walls, including the Inside surface of the capsules, 
was porous, as shown in Figure 27. The dense outer skin was less then 1 um thick and contained many mac- 
ro pores, which would function as drug-delivery ports. 

EXAMPLE 33 

Formation of Asymmetric-Membrane Capsules Made With Nitrocellulose 

. Capsules with asymmetric-membrane walls were made from a solution of 36.5 wt% nitrocellulose (nitro- 
cellulose RS 18-25, Hercules, Inc. wamington, Delaware), 13.5 wt% Isopropanof, and 15*wt% glycerol dis- 
solved in acetone. V 

Capsules were made using two sizes of mandrels-one size for the capsule cap and one size for the cap- 
sule body. The mandrels were immersed In room-temperature coating solution and were then withdrawn slow- 
ly, taking 10 seconds to completely withdraw the mandrels. The coated mandrels were exposed to room- 
temperature air for 7 seconds and then immersed in a room-temperature quench bath that contained 15 wt% - 
glycerol in water. The coated mandrels were removed from the quench bath after 30 minutes, and the capsule 
caps and bodies were removed from the mandrels by sliding a tight collar down each mandrel to force the caps 
and bodies off the mandrels. The capsule caps and bodies were dried in room-temperature air for at least 12 
hours and then trimmed to the desired lengths. | 

Capsules formed by the process described above had walls about 400 um thick that were asymmetric in I 
structure. Essentially the entire thickness of the capsule walls, including the Inside surface of the capsules, f : 
was porous, as shown in Figure 28. The dense outer skin was less than 1 um thick. 

EXAMPLE 34 • 
Formation of Asymmetric-Membrane Capsules Made With Cellulose Acetate Phthalate 

Capsules with asymmetric-membrane walls were made from a solution of 23.6 wt% cellulose acetate § 
phthalate (CAPh, Eastman Chemicals, Kingsport, Tennessee), 25.5 wt% ethanol, and 7.3 wt% glycerol dis- 
solved in acetone. v 

Capsules were made using two sizes of mandrels— one size for the capsule cap and one size for the cap- f 

sule body. The mandrels were immersed in room-temperature coating solution and were withdrawn slowly, tak- {;■ 

ing 7 seconds to completely withdraw the mandrels. The coated mandrels were exposed to room-temperature \. 

air for 7 seconds and then immersed in a room-temperature quench bath that contained water acidified with 1 
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a few drops of sulfuric acid. The coated mandrels were removed from the quench bath after 30 minutes, and 
the capsule caps and bodies were removed from the mandrels by sliding a tight collar down each mandrel to 
force the caps and bodies off the mandrels. The capsule caps and bodies were dried In room-temperature air 
for at least 12 hours and then trimmed to the desired lengths. 
s Capsules formed by the process described above had wails about 200 urn thick that were asymmetric in 

structure. Essentially the entire thickness of the capsule walls, including the Inside surface of the capsules, 
was porous, as shown In Figure 29. The dense outer skin was less than 1 um thick and was continuous and 
imperforate. 

10 EXAMPLE 35 

Formation of Asymmetric-Membrane Capsules Made With Cellulose Acetate Trimeliltate 

Capsules with asymmetric-membrane walls were made from a coating solution of 25 wj% cellulose acetate 
is trimellitate (CAT, Eastman Chemicals, Kingsport. Tennessee), and 25 wt% ethanol dissolved In acetone; 

Capsules were made using two sizes of mandrels-one size for the capsule cap and one size for the cap- 
sule body. The mandrels were immersed In room-temperature coating solution and were withdrawn slowly, tak- 
ing 1 0 seconds to completely withdraw the mandrels. The coated mandrels were exposed to roorn-temperature 
air for 7 seconds and then Immersed In a room-temperature quench bath that contained water acidified with 
20 a few drops of sulfuric acid. The coated mandrels were removed from the quench bath after 30 minutes, and 
the capsule caps and bodies were removed from the mandrels by sliding a tight collar down each mandrel to 
force the caps and bodies off the mandrels. The capsule caps and bodies were dried In room-temperature air 
for at least 12 hours and then trimmed to the.desired lengths. 

Capsules formed by the process described above had walls about 400 um thick that were asymmetric In 
25 structure. Essentially the entire thickness of the capsule wails, including the inside surface of the capsules, 
was porous, as shown in Figure 30. The dense outer skin was less than 1 um thick and was continuous and 
imperforate. 

EXAMPLE 36 

30 

Formation of Asymmetric-Membrane Capsules Made Wrth Polyvinyl Alcohol 

Capsules with asymmetric-membrane walls were made from a coating solution of 15 wt% polyvinyl alcohol 
(Elvanol 71-30, Dupont, Wilmington, Delaware), and 20 wt% ethanol dissolved in water. 

35 Capsules were made .using two sizes of mandrels-one size for the capsule cap and one size for the cap- 
sule body. The mandrels were immersed in 70°C coating solution and were withdrawn slowly, taking 10 sec- 
onds to completely withdraw the mandrels. The coated mandrels were exposed to room-temperature air for 7 
seconds and then immersed in a room-temperature quench bath that contained 70 wt% acetone and 30 wt% 
water. The coated mandrels were removed from the quench bath after 30 minutes, and the capsule caps and 

40 bodies were removed from the mandrels by sliding a tight collar down each mandrel to force the caps and bod- 
ies off the mandrels. The capsule caps and bodies were dried in room-temperature air for at least 12 hours 
and then trimmed to the desired lengths. 

Capsules formed by the process described above had wails about 350 um thick that were asymmetric in 
structure. Most of the thickness of the capsule walls, including the inside surface of the capsules, was porous, 

45 as shown in Figure 31 . The dense outer skin was approximately 50 um thick and continuous and imperforate. 

These capsules were loaded with 200 mg of a powder mixture that contained 1 0 wt% glipizide (a diabetes 
drug) and 90 wt% N-methylglucamine. The loaded capsules were sealed at the junction of the trimmed end 
of the cap and the capsule body with a narrow band of a solution that contained 1 5 wt% cellulose acetate (CA 
398-1 0, Eastman Chemicals, Kingsport, Tennessee), 8 wt% glycerol, and 25wt% ethanol dissolved in acetone. 

so The volatile solvents were evaporated, leaving a cellulose acetate seal that prevented the capsule cap and 
body from separating during release-rate tests. 

For release-ratetests, loaded capsules were placed In a stirred solution of simulated Intestinal buffer (os- 
motic pressure of 709 kPa (7 atm) and pH of 7.5) at 37°C. About 90% of the glipizide was released at a constant 
rate— a release pattern typical of osmotic-delivery systems. The steady-state release rate of glipizide (during 

«s the period of constant release) was 6.04 + 0.48 mg/hr. 
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EXAMPLE 37 

Formation of Asymmetric-Membrane Capsules Made With Ethylenevinyt Alcohol 

Capsules with asymmetric-membrane walls were made from a coating solution of 15 wt% ethylenevinyl 
alcohol (EVAL F-101, EVAL Co. of America, Omaha, Nebraska), 55 wt% ethanol, and 30 wt% water. 

Capsules were made using two sizes of mandrels-one size for the capsule cap and one size for the cap- 
sule body. The mandrels were immersed in 40°C coating solution and were withdrawn slowly, taking 7 seconds 
to completely withdraw the mandrels. The coated mandrels were exposed to room-temperature air for 7 sec- 
onds and then immersed in a room-temperature quench bath that contained water, the coated mandrels were 
removed from the quench bath after 30 minutes, and the capsule caps and bodies were removed from the 
mandrels by sliding a tight collar down each mandrel to force the caps and bodies off the mandrels. The capsule 
caps and bodies were dried in room-temperature air for at least 12 hours and then trimmed to the desired 
lengths. ^ 

Capsules formed by the process described above had walls about 200 urn thick that were asymmetric in 
structure. Essentially the entire thickness of the capsule walls, Including the inside surface of the capsules, 
was porous, as shown In Figure 32. The dense outer skin was less than 1 urn thick and was continuous and 
imperforate. 

These capsules were loaded with 200 mg of a powder mixture that contained 10 wt% glipizide (a diabetes 
drug) and 90 wt% tromethamlne. The loaded capsules were sealed at the junction of the trimmed end of the 
cap and the capsule body with a narrow band of a solution that contained 1 5 wt% cellulose acetate (CA 298- 
10, Eastman Chemicals, Wngsport, Tennessee). 8 wt% glycerol, and 25 wt% ethanol dissolved in acetone. 
The volatile solvents were evaporated, leaving a cellulose acetate seal that prevented the capsule cap and 
body from separating during releaserate tests. 

For release-rate tests, loaded capsules were placed in a stirred solution of simulated Intestinal buffer (os- 
motic pressure of 709 kPa (7 atm) and pH of 7.5) at 37*C. About 70% of the glipizide was released at a constant 
rate-a release pattern that is typical of osmotiodefivery systems. The steady-state release rate of glipizide 
(during the period of constant release) was 6.47 + 0.31 mg/hr. 

EXAMPLE 38 

Formation of Asymmetric-Membrane Capsules Made With Polyurethane 

Capsules with asymmetriomembrane wails were made from a coating solution of 24.5 wt% polyurethane 
(Tuftane 310, Lord Corp, Erie, Pennsylvania) dissolved In dimethylformamide. 

Capsules were made using two sizes of mandrels-one size for the capsule cap and one size for the cap- 
sule body. The mandrels were immersed in room-temperature coating solution and were withdrawn slowly, tak- 
ing 11 seconds to completely withdraw the mandrels. The coated mandrels were exposed to room-temperature 
air for 7 seconds and. then immersed in a room-temperature quench bath that contained water. The coated 
mandrels were removed from the quench bath after 30 minutes, and the capsule caps and bodies were re- - 
moved from the mandrels by sliding a tight collar down each mandrel to force the caps and bodies of the man- 
drels. The capsule caps and bodies were dried in room-temperature air for at least 12 hours and then trimmed ' ; 
to the desired lengths. 

Capsules formed by the process described above had walls about 200 urn thick that were asymmetric in 
structure. Essentially the entire thickness of the capsule walls, including the inside surface of the capsules, J 
was porous, as shown in Figure 33. The dense outer skin was less than 1 urn thick and was continuous and 
imperforate. 

These capsules were loaded with 200 mg of a powder mixture that contained 10 wt% glipizide (a diabetes 
drug) and 90 wt% N-methylglucamine. The loaded capsules were sealed at the Junction of the trimmed end 
of the cap and the capsule body with a narrow band of a solution containing 1 5 wt% cellulose actate (CA 398- 
10. Eastman Chemicals. Kingsport, Tennessee). 8 wt% glycerol, and 25 wt% ethanol dissolved in acetone. 
The volatile solvents were evaporated, leaving a cellulose acetate seal that prevented the capsule cap and 
body from separating during release-rate tests. „ . • 

For release-rate tests, loaded capsules were placed in a stirred solution of simulated intestinal buffer (os- 
motic pressure of 709 kPa (7 atm) and pH of 7.5) at 37°C. About 70% of the glipizide was released at a consta nt 
rate-a release pattern that is typical of osmotic-delivery systems. The steady-state release rate of glipizide 
(during the period of constant release) was 0.62 + 0.04 mg/hr. 
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EXAMPLE 39 



Formation of Asymmetric-Membrane Capsules Made With Polyvinylidene Fluoride 

Capsules with asymmetric-membrane walls were made from a coating solution of 15 wt% polyvinvlidenA 
fluoride (Kynar 460. Pennwalt Corp., Philadelphia, Pennsylvania) dissolved in dinwthylforniamide 

Capsules were made using two sizes of mandrels-one size for the capsule cap and one size for the can- 
dle (body. The mandrels were immersed in room temperature coating solution and were withdrawn slowiv tek 
tag 7 seconds to completely withdraw the mandrels. The coated mandrels were exposed to rown-temperature" 
air for 7 seconds and then immersed in a room-temperature quench bath that contained water Thecoated 
mandrels were removed from the quench bath after 30 minutes, and the capsule caps and bodies ware 7^ 
movedfrom the mandrels by sliding a tight collar down each mandrel to forw the caps and l>odies off the man- 
She Sir^eTgmT ^ *** room4em P erature a(r for at 12 hours and then trimmed 
Capsules formed by the process described above had wails about 100 pm thick thaTwere asymmetric in 
structure. Essentially the entire thickness of the capsule walls, including the Inner surface of tnTcWsules 
was porous, as shown in Figure 34. The outer skin was covered with many pores less than 1 pm in diameter' 
These capsules were loaded with 200 mg of a powder mixture that contained 10 wt% glipizide fa diabetes' 
drug) and 90 wt% N-methylglucamine. The loaded capsules were sealed at the Junction of the trimmed end 
of the cap and the capsule body with a narrow band of a solution that contained 15 wt% cellulose acetate (CA 
398-10 Eastman Chemicals. Kingsport. Tennessee). 8 wt% glycerol, and 25 wt% ethanol dissolved in acetone 
The volatile solvents were evaporated, leaving a cellulose acetate seal that prevented the capsule cap and 
body from separating during release-rate tests. p 

For release-rate tests, loaded capsules were placed in a stirred solution of simulated intestinal buffer (os- 
motic pressure of 709 kPa (7 atm) and pH of 7.5) at 37*C. About 70% of the glipizide was released at a constat 
rage-a release pattern that is typical of osmotic-delivery systems. The steady-state release rate of glipizide 
(dunng the period of constant release) was 0.67 + 0.06 mg/hr. ■ 

EXAMPLE 40 

Formation of Asymmetric-Membrane Capsules Made with Pofysulfone 

/. m ^"'^^h asymmetric-membrane walls were made from a coating solution of 21;4 wt% polysulfone * 
(Udel 1700, Union Carbide. Danbury, Connecticut) dissolved in dimethytformamide. 4 P^ysmrone 

^Psu^ were rnade using two sizes o^ 
sule body. The mandrels were Immersed In room-temperature coating solution and were withdrawn slowiv tak- 
ing 4 seconds to completely withdraw the mandrels. The coated mandrels were exposed to room-temperature 
air for 7 seconds and then immersed in a room-temperature quench bath that contained water The coated ' 
mandrels were removed from the quench bath after 30 minutes, and the capsule caps and bodies were re- " 
nwvedfrom the mandrels by sliding a tight collar down each mandrel to force the caps and bodies off the man- 
drels. The capsule caps and bodies were dried in room-temperature air for at least 12 hours and then trimmed 
to the desired lengths. 

Capsules formed by the process described above had walls about 150 pm thickthat were asymmetric in ; 
structure. Essentially the entire thickness of the capsule wails, including the inside surface of the capsule 
was porous, as shown in Figure 35. The dense outer skin was less than 1 pm thick and was continuous and 
imperforate. 

These capsules were loaded with 200 mg of a powder mixture that contained 10 wt% glipizide (a diabetes 
drug) and 90 wt% N-methylglucamine. The loaded capsules were sealed at the junction of the trimmed end 

wlf? a0d lhe CapSUle b ° dy with a narrow band of a so,utk)n that contained 1 5 wt% cellulose acetate (CA 
398-10, Eastman Chemicals, Kingsport. Tennessee). 8 wt% glycerol, and 25 wt% ethanol dissolved In acetone 
Trie volatile solvents were evaporated, leaving a cellulose acetate seal that prevented the capsule cap and 
body from separating/during release-rate tests. 

For release-rate tests. loaded capsules were placed in a stirred solution of simulated intestinal buffer (os- 
motic pressure of 709 kPa (7 atm) and pH of 7.5) at 37«C. The steady-state release rate of glipizide (during 
the period of constant release) was 0.42 + 0.03 mg/hr. 
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EXAMPLE 41 

Formation of Asymmetric-Membrane Capsules Made With Polymethyl Methacrvlate 

Capsules with asymmetric-membrane walls were made from a coating solution of 25 wt% polymethyl me- 
thacrylate (PMMAV-920. Rohm and Haas. Philadelphia, Pennsylvania), and 10 wt% polyethylene glycol dis- 
solved In acetone. 

Capsules were made using two sizes of mandrels-one size for the capsule cap and one size for the cap- 
sule body. The mandrels were immersed En room-temperature coating solution and were withdrawn slowly, tak- 
ing 7 seconds to completely withdraw the mandrels. The coated mandrels were exposed to room-temperature 
air for 10 seconds and then immersed in a room-temperature quench bath that contained water. The coated 
mandrels were removed from the quench bath after 30 minutes, and the capsule caps and bodies were re- 
moved from the mandrels by sliding a tight collar down each mandrel to force the caps and bodies off the man- 
drels. The capsule caps and bodies were dried in room-temperature air for at least 12 hours and then trimmed 
to the desired lengths. 

Capsules formed by the process described above had walls about 200 um thick that were asymmetric in 
structure. Most of the thickness of the capsule walls, including the Inside surface of the capsules, was porous, 
as shown in Figure 36. The dense outer skin was about 5 um thick and was continuous and imperforate. 

EXAMPLE 42 

Formation of Asymmetric-Membrane Capsules Made With Polyamide 

Capsules with esymmetric-niembrane walls were made from a coating solution of 25 wt% polyamide (El- 
vamkfe 8063, Dupont, Wilmington, Delaware), 19 wt% water, and 56 wt% ethanol. 

Capsules were made using two sizes of mandrels-one size for the capsule cap and one size for the cap- 
sule body. The mandrels were immersed in room-temperature coating solution and were withdrawn slowly, tak- 
ing 20 seconds to completely withdraw the mandrels. The coated mandrels were exposed to room-temperature 
air for 7 seconds and then immersed In a room-temperature quench bath that contained water. The coated 
mandrels were removed from the quench bath after 30 minutes, and the capsule caps and bodies were re- 
moved from the mandrels by sliding a tight collar down each mandrel to force the caps and bodies off the man- 
drels. The capsule caps and bodies were dried In room-temperature air for at least 12 hours and then trimmed 
to the desired lengths. 

Capsules formed by the process described above had wails about 100 um thick that were asymmetric In 
structure. Most of the thickness of the capsule walls, including the inside surface of the capsules, was porous, 
as shown In Figure 37. The dense outer skin was about 11 um thick and was continuous and imperforate. 

These capsules were loaded with 200 mg of a powder mixture that contained 10 wt% glipizide (a diabetes 
drug) and 90 wt% N-methylglucamine. The loaded capsules were sealed at the junction of the trimmed end 
of the cap and the capsule body with a narrow band of a solution that contained 15 wt% cellulose acetate (CA 
398-10, Eastman Chemicals. Wngsport, Tennessee). 8 wt% glycerol, and 25 wt% ethanol dissolved in acetone. 
The volatile solvents were evaporated, leaving a cellulose acetate seal that prevented the capsule cap and 
body from separating during release-rate tests. 

For release-rate tests, loaded capsules were placed in a stirred solution of simulated Intestinal buffer (os- 
motic pressure of 709 kPa (7 atm) and pH of 7.5) at 37°C. The steady-state release rate of glipizide (during 
the period of constant release) was 0.10 + 0.03 mg/hr. 

EXAMPLE 43 

Formation o f Asymmetric-Membrane Capsules Made With A Blend of Ethyic ellulose and Cellulose Acetate 
Phthalate . ~ — — 

Capsules with asymmetric-membrane walls were made from a coating solution of 10 wt% ethyicellulose 
(Ethocel std-100, Dow Chemicals, Midland, Michigan), 2 wt% cellulose acetate phthalate (CAPh. Eastman 
Chemicals, Kingsport, Tennessee), 30 wt% ethanol, and 10 wt% glycerol dissolved in acetone. 

Capsules were made using two sizes of mandrels-one size for the capsule cap and one size for the cap- 
sule body. The mandrels were immersed in room-temperature coating solution and were withdrawn slowly, tak- > 
ing 9 seconds to completely withdraw the mandrels. The coated mandrels were exposed to room-temperature | 
air for 7 seconds and then immersed in a room-temperature quench bath that contained 5 wt% glycerol in water ' 
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The coated mandrels were removed from the quench bath after 30 minutes, and the capsule caps and bodies 
were removed from the mandrels by sliding a tight collar down each mandrel to force the caps and bodies off 
the mandrels. The capsule caps and bodies were dried in room-temperature air for at least 12 hours and then 
trimmed to the desired lengths. 
5 Capsules formed by the process described above had walls about 250 urn thick that were asymmetric in 

structure. Essentially the entire thickness of the capsule walls, including the inner surface of the capsules, 
was porous, as shown In Figure 38. The denseouter skin had macropores on the surface, which could serve 
as drug-delivery ports. The macropores were typically less than 1 urn In diameter. 

10 EXAMPLE 44 

Formation of Asymmetric-Membrane Capsules Made With A Blend of Ethylcellulose and Cellulose Acetate 
Trimellitate 

is Capsules with asymmetric-membrane walls were made from a coating solution of 10 wt% ethylcellulose 
(Ethocel std-100, Dow Chemicals, Midland, Michigan), 2 wt% cellulose acetate trimellitate (CAT, Eastman 
Chemicals, Kingsport, Tennessee), 30 wt% ethanol, and 10 wt% glycerol dissolved in acetone. 

Capsules were made using two sizes of mandrels— one size for the capsule cap and one size for the .cap- 
sule body. The mandrels were immersed in room-temperature coating solution and were withdrawn slowly, tak- 

20 ing 9 seconds to completely withdraw the mandrels. The coated mandrels were exposed to room-temperature 
air for 7 seconds and then immersed in a room-temperature quench bath that contained 5 wt% glycerol In water. 
The coated mandrels were removed from the quench bath after 30 minutes, and the capsule caps and bodies 
were removed from the mandrels by sliding a tight collar down each mandrel to force the caps and bodies off 
the mandrels. The capsule caps and bodies were dried in room-temperature air for at least 12 hours and then 

25 trimmed to the desired lengths. 

Capsules formed by the process described above had walls about 250 urn thick that were asymmetric In 
structure. Essentially the entire thickness of the capsule walls, including the Inside surface of the capsules, 
was porous, as shown In Figure 39. The dense outer skin appeared to have macropores through the surface, 
which could serve as drug-delivery ports. The macropores were typically less than 1 urn In diameter. 

30 

EXAMPLE 45 

Asymmetric-Membrane Coatings Made Of Ethylcellulose On Drug-Containing Beads 

35 Asymmetric-membrane coatings were applied to drug-containing beads (30 to 35 mesh, less than 1 mm 
in diameter) with the spray-coating process described in Examples 20 and 21 from the original patent appli- 
cation. The beads consisted of 11 wt% glipizide (a diabetes drug), 36 wt% sodium bicarbonate, 48 wt% N-me- 
thylglucamlne and 5 wt% carboxymethyl cellulose. 

The polymer solution contained 11 wt% ethylcellulose (Ethocel std-100, Dow Chemicals, Midland, Micht- 

40 gan), 14 wt% water, and 75 wt% acetone. The polymer solution was kept at 40°C and the drying chamber was 
kept at 70°C. The beads were mixed with the polymer solution just upstream from the spray nozzle and the 
mixture was sprayed Into the drying chamber to evaporate the solvent and to form the asymmetric coatings. 
The coating process was repeated (as described In Example 21) to apply a second asymmetric-membrane 
coating to the beads. 

45 The double-coated beads were covered with an asymmetric-membrane coating that was approximately 

1 5 um thick. The entire thickness of the coating was porous except for a dense outer skin, as shown in Figure 
40. The dense outer skin was less than 1 |im thick and was continuous and imperforate over the entire surface 
of the beads. 

so EXAMPLE 46 

Asymmetric-Membrane Coatings Made of Cellulose Acetate Butyrate On Drug-Containing Beads 

Asymmetric-membrane coatings were applied to drug-containing beads (30 to 40 mesh, less than 1 mm 
55 in diameter) using the spray-coating process described in Examples 20 and 21. The beads were made using 
11 wt% glipizide (a diabetes drug), 35 wt% lactose, 35 wt% cornstarch, 11 wt% N-methylglucamine, 5 wt% 
carboxymethyl cellulose and 3 wt% microcrystalline cellulose. 

The polymer solution consisted of 31 wt% cellulose acetate butyrate (CAB 500-1, FMC Corp., Newark, 
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Delaware). 14 wt% methyl ethyl ketone. 3 wt% water and 52 wt% acetone. The polymer solution was kept at 
45°Cand the drying chamberwas keptat80°C. The beads were mbced with the polymer solution just upstream 
from the spray nozzle and the mixture was sprayed into the drying chamber to evaporate the solvent and form 
the asymmetric coatings. The coating process (as described In Example 21) was repeated to apply a second 
asymmetric-membrane coating to the beads. 

The double-coated beads were covered with an asymmetric-membrane coating that was approximately 
20 urn thick. Except for a dense outer Skin, the entire thickness of the coating was porous, as shown In Figure 
41 . The dense outer skin was less than 1 *im thick and was continuous and Imperforate over the entire surface 
of the beads. 

EXAMPLE 47 

Water Fluxes Through Asymmetric-Membrane Capsule Walls Correspond to Drug-Release Rates 

Capsules with asymmetric-membrane walls were made with several different polymers, Including polyvinyl 
alcohol (PVA), polyvinylidene fluoride (PVDF). and blends of cellulose acetate butyrate (CAB) and cellulose 
acetate; CAB and ethylceflulose (Ethocel); and Ethocel and CA. The capsules were made as described in Ex- 
amples 29, 30, 31, 36 and 39. 

To determine water fluxes for each type of asymmetric-membrane capsule, the capsule bodies were load- 
ed with a powder mixture that contained 10wt% glipizide (a diabetes drug) and 90 wt% N-methylglucamine. 
About half the uncapped capsule body was submerged In simulated Intestinal buffer, with the open end of the 
capsule above the surface of the buffer. Due to the osmotic driving force, water was Imbibed Into the capsule 
bodies. The water frnblbed Into the capsule bodies was measured by weight gain untfl the solution inside the 
capsule body filled the capsule body and overflowed Into the Intestinal buffer. 

Release-rate tests, such as those described in Examples 29. 30, 31, 36 and 39, were conducted. The cap- 
sules were loaded with the same powder mixture as that used to load the capsule bodies for the water-flux 
tests. About 70% of the glipizide was released from ail of the capsules at a constant rate. The steady-state 
release rate of glipizide (during the period of constant release) and the corresponding water flux is shown in 
Figure 42 for each type of capsule. The release rates Increase as the water fluxes through the asymmetric- 
membrane capsule waDs increase, as predicted by osmotic theory. Thus, by using the asymmetric-mem brane 
capsules with the proper permeability to water, the desired release rate can be achieved without changing the 
composition of the material loaded in the capsules. 
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EXAMPLE 48 

Using standard techniques well known in the pharmaceutical Industry, 3/8 Inch modified ball shape tablets 
were prepared to contain: 
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55 



glipizide 

N -methyl glucamine 
macrocrystalline cellulose 
spray-dried lactose 
hy dr oxypropy 1 cellulose 

ma one slum s tea rate 

Total 



20*0 mg 
246.2 mg 

69.2 mg 

69.2 mg 
8.5 mg 

10.9 ma 
424.0 mg 



The tablets were coated In a commercial perforated pan coating machine (Freund Hi-Coater model HCT 30) 
using a coating solution of the following composition: 



50.0 wt% 
22.8 wt% 
12.4 wt% 
2.8 wt% 
2.0 wt% 

ceuuiWMs obcwio «-»>-"-'- ■« 10.0 Wt% 

The coating process was stopped after the tablets had received a coating equivalent to 42.4 mg cellulose acet- 
ate per tablet 
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acetone ^ 

ethanol 

n-butanol 

water 

glycerol 

cellulose acetate 398-10 
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Upon examination with the scanning electron microscope, the tablet coating was seen to consist of a large- 
ly porous layer which accounted for most of the coating thickness, surmounted by a skin which was perforated 
by numerous pores, but which was much less porous in appearance than the substructure. When placed In a 
standard USP-ILdissolution apparatus in USP simulated intestinal fluid, the tablets released glipizide at a con- 
5 trolled rate, with 50% of the total dose delivered in 3.5 hours and 90% delivered In 10-12 hours. When the 
tablets were dosed to fasted dogs, the plasma glipizide levels exhibited a broad sustained delivery over -14 
hours, attaining peak value in 11 ± 2.8 hours. The tablets were recovered from the feces and assayed for re- 
maining drug. The drug remaining In the tablets was 10 ± 2% of the original dose. The bioavailability of the 
formulation relative to an oral sodium glipizide solution was 84%. 

10 

EXAMPLE 49 

Non-pareS seeds (18-20 mesh) were placed In a 6 inch Wurster-type fluidized bed coating system (Lakso) 
and coated with a solution having the composition: ^ 
1$ cellulose acetate 398-10 5% 
acetone 55% 
ethanol 95% USP 40% 

After the beads had received coating equivalent to 4.7 wt% cellulose acetate, the batch was discharged and 
passed through a 16 mesh sieve. The 4.7% coated beads were returned to the coating equipment and addi- 

20 tional coating was applied unta the beads had received a total of 9.71 % coating. The bath was discharged and 
the partition in the coating chamber was readjusted to obtain good fluidization. The batch was returned to the 
coating unit and coating resumed until the beads had received a total of 25% coating. Upon examination by 
scanning electron microscopy, the coating on the beads was observed to consist of several concentric layers 
of asymmetric membranes. The total thickness of the coating was -55 jim. The external surface of the coating 

25 appeared smooth and imperforate at a magnification of 4000X. 

EXAMPLE 50 

The following pseudoephedrine formulation was prepared as 1 mm beads by the technique of extru- 
30 sion/spheronizatfon: 

pseudoephedrine 50.0% 
N-methyl glucamlne 20.0% 

lactose 15.0% * 

microcrystalline cellulose 7.5% 

35 starch 1500 7.5% 

The drug-containing beads were coated In the Wurster coater as in Example 49. Samples of coated beads 
were withdrawn from the coating equipment after they had received coatings of 15%, 30% and 45%. Upon 
microscopic examination, the coatings were found to consist of concentric layers (Figure 43) of asymmetric 
membranes, as in the previous example. The overall thickness of the coating was 40 urn for the 15% coating 

40 weight. 60 um for the 30% coating, and 70 pm for the 45% coating. When tested in a USP dissolution tester 
in water at 37°C V the 15% coated beads released 80% of their drug load in -2 hours, while the 45% coated 
beads released 50% of their drug load in 4 hours and 80% of their drug load In 21 hours. 

EXAMPLE 51 

45 

Capsules with asymmetric membranes were prepared by a semiautomated robotic process using a cus- 
tomized laboratory robot (Zymate II. Zymark, Hopkinton, MA). Six dip-fixtures each fitted with a stripping plate 
and fourteen aluminum moidpins were lubricated with sflicone oil and dipped Into a coating solution. The fix- 
tures were withdrawn slowly over 8 seconds, rotated twice in order to evenly distribute the coating solution 

so over the entire surface, and then lowered into a quench bath. After 15 minutes in the quench bath, the coated 
mandrels were withdrawn and dried at room temperature for about 30 minutes. After the drying step, the cap- 
sule shells were stripped off the pins using the stripping plate, trimmed to size using a trimmer, and joined man- 
ually^ Half of the fixtures had mold-pins corresponding to capsule bodies and the other half had pins corre- 
sponding to capsule caps. The capsule dosage form was assembled by filling the capsule body with a powder 

ss composition consisting of an active agent and other excipients, and sealing the interface between the capsule 
body and cap (Quaii-seal, Elanco, IN) using a sealing solution. The compositions of the coating, quench, and 
sealing solutions for capsules made from cellulose acetate (Form A) and from a mixture of ethylcellulose acet- 
ate and ethylcellulose (Form B) are given below in Table I. 



29 



5 



10 



IS 



20 



25 



40 



EPO 357 369 B1 

The capsules were observed microscopically with a scanning electron microscope (SEM). The membrane 
was asymmetric with a relatively thin (6 (im) dense skin formed on the surface of the capsule that was away 
from the mold pin and a thick (100 um) porous substrate on the inner surface which was in contact with the 
mold pin. 

TABLE I 

Composition of CA and EC/CA Capsules 
Lubricant Polydiinethyl Siloxane/lsopropyl Alcohol 
Methylene Chloride 

FORM A (CA CAPSULES) 

Coating Quench Sealing 

Cellulose acetate 15.0 15.0 



Acetone 



49.0 56.9 



Alcohol 28.0 28.0 



^ 3.0 10.0 

Triethylcitrate 5.0 
Water 90 -° 



Glycerol 
Tri 
Wat 
Dye 



0.1 



» 



100.0 100,0 100.0 
FORM B (EC/CA CAPSULES) 

30 Coa t ing Quench Sea 1 Ing 

Cellulose acetate 4.0 15.0 

Ethylcellulose 11.0 p 

Acetone 56.9 

35 Alcohol < 28.0 _ 28.0 

Glycerol 3.0 10.0 
Triethylcitrate 5.0 



Water 
Dye 



90.0 

0.1 

16o.6 166.6 166.0 



45 EXAMPLE 52 



Capsules were made from cellulose acetate as in Example 51 but with different ratios of glycerol/triethyt- 
citrate. They were f flled with a mixture of glipizide, meglumine, and sodium bicarbonate, and sealed according 
tothe procedure described In Example51.TheformuIatiohdeslgnationsforthefai composition and membrane 
so combinations are given in Table II. The release profile of glipizide from these formulations into 0.04 M TRIS 
are shown in Hguip 44. 
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"TABLE II 

MEMBRANE AND CORE FORMULATIONS - PLASTICI2ER STUDY 
A. MEMBRANE 

Lubricant Polydimethyl Sildxane/Isopropyl Alcohol 
Methylene Chloride 

Designation ♦ 

Cellulose acetate 
Acetone 
Alcohol 
Glycerol ' 
Triethylcitrate 



TEC08 


TECS 3 


TEC62 


15,0 


15.0 


15.0 


49.0 


49.0 


^49.0 


28.0 


28.0 


28.0 


8.0 


3.0 


2.0 


o.p 


5.0 


6.0 


T66j5 


100.0 


100.0 



B. CORE 



Glipizide 
Meglumine 
Sodium Bicarbonate 
Magnesium stearate 



12.0 
70.0 
17.5 
0.5 



12.0 
50. 0 
37.5 
0.5 



C. FORMULATION 
Designation 



TEC08 
TEC08 
TEC 5 3 
TEC 5 3 
TEC62 



b 
a 
b 
b 



Membrane 

TEC08 
TEC 08 
TEC53 
TECS 3 
TEC 6 2 



Core 5 
a ; 

b 
a ' 
b 
b 



Claims 

1. A device for the controlled release of one or more active substances into an environment of use, said de- 
vice comprising a core of said substances, with or without one or more excipients, surrounded by one or 
more asymmetric membranes. 

2. A device according to claim 1 , wherein the membrane is permeable and is either Imperforate or perforate. 

3. A device according to claim 1, wherein the membrane is semipermeable and imperforate. 

4. A device according to either claim 2 or claim 3, wherein the release is substantially by osmotic pumping. 

5. A device according to claim 2, wherein the release is substantially by diffusion. 
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6. A device according to any one of claims 1 to 5, wherein the asymmetric membrane is a cellulose ester or 
ethyl cellulose. 

7. A device according to any one of claims 1 to 6, wherein said substance or substances are biologically ac- 
tive. 

8. A device according to any one of claims 1 to 7, wherein the device is a capsule, a tablet or a bead. 

9. A device according to claim 8 for oral administration to an animal, the release being into the fluid of the 
gastrointestinal tract of said animal. 

10. A device according to claim 9, wherein the substance is an antihypertensive. 

11. A device according to claim 10, wherein the substance is selected from prazosin, nifedipine, trimazosln 
and doxazosin. ^ 

12. A device according to claim 9, wherein the substance is an antianxiety agent 

13. A device according to claim 12, wherein the substance is selected from hydroxyzine and sertraline. 

14. A device according to claim 9, wherein the substance is an anticiotting agent 

15. A device according to claim 14, wherein the substance is dazmergrel. 

16. A device according to claim 9, wherein the substance is a blood-glucose lowering agent 

17. A device according to claim 16, wherein the substance is glipizide. 

18. A device according to claim 9, wherein the substance is a decongestant an antihistamine or cough or 
cold agent 

19. A device according to claim 18, wherein the substance is selected from brompheniramine maleate, chlor- 
pheniramine maleate, phenylephrine hydrochloride, pseudoephedrine hydrochloride, cetirizine and dex- 
brompheniramine maleate. 

20. A process for preparing a tablet for controlled release of one or more active substances into an environment 
of use, said tablet comprised of a core of said active substances, with or without one or more excipients, 
surrounded by an asymmetric membrane wherein said membrane is formed by a phase inversion process. 

21. The process of claim 20, wherein the process is a wet process, 

22. The process of claim 21 comprising the steps: 

a) coating said core with a solution comprised of from 10 to 20% of a cellulose ester or ethyl cellulose 
by weight and, optionally, from 0 to 35% of one or more pore-forming substances by weight In acetone, 

b) immersing the coated core into an aqueous quench bath and 

c) drying. 

23. The process of claim 22 wherein the cellulose ester is cellulose acetate 398-1 0 present in the amount of 
15 by weight and the pore-forming substances are formamide, acetic acid, glycerol, an alkanol of one to 
four carbon atoms, sodium acetate, aqueous hydrogen peroxide or polyvinylpyrrolidone. 

24. The process of claim 23 wherein the pore-forming substance is ethanol present In the amount of 30% by 
weight 

25. The process 6f daim 23 wherein the pore-forming substance is glycerol present in the amount of 1 0% by 
weight 

26. The process of claim 21 comprising the steps: 

a) coating said core with a solution comprised of from 10 to 20% of a cellulose ester or ethyl cellulose 
by weight and, optionally, from 0 to 40% of one or more pore-forming substances by weight In acetone. 

b) immersing the coated core into water until the membrane has solidified, 
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c) Immersing the coated core Into isopropanot until the water has been replaced by isopropanol, 

d) immersing the coated core in hexane untfl the isopropanol has been replaced by hexane and drying. 

27. The process of claim 26 wherein the cellulose ester is cellulose acetate 398-10 present in the amount of 
15% by weight and the pore-forming substances are formamide, acetic acid, glycerol, an aikanol of one 
to four carbon atoms, sodium acetate, aqueous hydrogen peroxide or polyvinylpyrrolidone. 

28. The process of claim 27 wherein the pore-forming substance is ethanol present in the amount of 30% by 
weight 

29. The process of claim 20 wherein the process is a dry process. 

30. The process of claim 29 comprising the steps: 

a) coating said core with a solution comprised of from 10 to 20% of a cellulose ester or ethyl cellulose 
by weight and from 20 to 40% of one or more pore-forming substances by weight in acetone and 

b) drying the tablet 

31. The process of claim .30 wherein the cellulose ester is cellulose acetate 398-10 present In the amount of 
15% by weight and the pore-forming substances are cornprised of glycerol, water, butanol and ethanol 
present In the amount of 1.9, 2.7, 11.7 and 21.7%, respectively, by weight 

32. A process for preparing a capsule for controlled release of one or more active substances into an envir- 
onment of use, said capsule comprised of a core of said active substances, with or without one or more 
excipients, surrounded by an asymmetric membrane, wherein said membrane is formed by a phase in- 
version process. 

33. The process of claim 32 wherein the process Is a wet process. 

34. The process of claim 33 comprising the steps: 

a) coating a mandrel device, sized and shaped to match the inner dimensions of the desired capsule, 
with a solution comprised of from 10 to 20% of a cellulose ester or ethyl cellulose by weight and, opn 
tionally, from 0 to 40% of one or more pore-forming substance by weight in acetone, 

b) immersing the coated device into an aqueous quench bath, 

c) drying, 

d) removing the capsule shell from said device, -* 

e) filling the capsule shell with the core material and 

f) sealing the capsule. 

35. The process of claim 34 wherein the cellulose ester is cellulose acetate 398-1 0 present in the amount of 
16% by weight and the pore-forming substance is formamide, acetic acid, glycerol, an aikanol of one to 
four carbon atoms, sodium acetate, aqueous hydrogen peroxide or polyvinylpyrrolidone. 

36. The process of claim 35 wherein the pore-forming substances are ethanol and glycerol present in the 
amount of 28 and 8%. respectively, by weight 

37. The process of claim 35 wherein the pore-forming substance is glycerol present in the amount of 1 0% by 
weight 

38. A process for preparing beads for controlled release of one or more active substances into an environment 
of use, said beads comprised of a core of said active substances, with or without one or more excipients, 
surrounded by an asymmetric membrane wherein said membrane is formed by a phase inversion process! 

39. The process of claim 38 wherein the process is a dry process. 

40. The process of claim 39 comprising the steps: 

a) spray drying a slurry of said active substances in the form of beads coated with a solution comprised 
of from 10 to 20% of a cellulose ester or ethyl cellulose by weight and from 20 to 40% of one or more 
pore-forming substances by weight in acetone into a chamber maintained at a temperature in the range 
of from 25 to 90°C, and 

b) separating the dried beads from the polymer flakes by sieving or by using cyclones. 



33 



EP0 357 369 B1 



10 



15 



41. The process of claim 40 wherein the pore-forming substance, which comprises 38% by weight of the total 
solution and consists of ethanol, butanol, water and glycerol present In the amount of 57. 31 . 7 and 5%. 
respectively, by weight and the cellulose ester is cellulose acetate 398-10 present in the amount of 15% 
by weight 

42. The process of claim 41 where the slurry is spray dried under a pressure of 68.95 to 689.5 kPa (10-100 
psf) above atmospheric pressure into a chamber at atmospheric pressure. 

43. The process of claim 38 wherein the process Is a wet process. 

44. The process of claim 43 comprising the steps: 

a) coating said core of active substances in the form of beads with a solution comprised of from 10 to 
20% of a cellulose ester or ethyl cellulose by weight and, optionally, from 0 to 40% of one or more pore- 
forming substance by weight in acetone, ^ 

b) immersing the coated beads into an aqueous quench bath, -< 

c) removing the beads after the membrane has solidified and drying. 

45. The process of claim 44 wherein the cellulose ester is cellulose acetate 398-10 present in the amount of 
15% by weight and the pore-forming substance is ethanot present In the amount of 33% by weight 

20 46. A capsule device for the controlled release of one or more active substances into an environment of use, 
said device comprising a core of said substances, with or without exctpients. enclosed In a capsule the 
top or bottom of which is comprised of one or more asymmetric membranes. 

47. A device of claim 46, wherein the membrane is permeable and perforate or Imperforate. 

25 

48. A device of claim 47, wherein the release is by osmotic pumping. 

49. A process for preparing a capsule said shell comprised of an asymmetric membrane, wherein said mem- 
brane is formed by a phase inversion process. 

30 50. The process of claim 49, wherein the process is a wet process. 

51. The process of claim 50, comprising the steps: 

a) coating a mandrel device, sized and shaped to match the Inner dimensions of the.desired capsule, 
with a solution comprised of from 10 to 20% of a cellulose ester or ethyl cellulose by weight and, op- 

35 tlonally, from 0 to 40% of one or more pore-forming substance by weight in acetone, 

b) immersing the coated device into an aqueous quench bath, 

c) drying and 

d) removing the capsule shell from said device. 

<0 52. The process of claim 51 , wherein the cellulose ester is cellulose acetate 398-10 present in the amount of 
1 6% by weight and the pore-forming substance is formamide. acetic acid, glycerol, an alkand of one to 
four carbon atoms, sodium acetate, aqueous hydrogen peroxide or pcJyvinylr^rolidone. 

53. The process of claim 52, wherein the pore-forming substances are ethanoi and glycerol present in the 
45 amount of 28 and 8%, respectively, by weight 

54. The process of claim 52, wherein the pore-forming substance is glycerol present in the amount of 10% 
by weight 
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55. A process for preparing a bead, tablet or capsule device for controlled release of one or more active sub- 
stances Into an environment of use. said device comprised of a core of said active substances, with or 
without one or more exciplents, surrounded by more than one asymmetric membrane wherein said mem- 
branes are formed by a phase inversion process. _ 

56. The process of claim 55, wherein the process is a dry process. 

65 

57. The process of claim 56, comprising the spray coating of said device suspended in the temperature con- 
trolled airflow of a fluidized bed coating system with a solution comprised of from 5 to 10% of a cellulose 
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ester or ethyl cellulose by weight and from 35 to 40% of one or more pore-forming substances by weight 
in acetone until the desired number of asymmetric membranes have been applied. 

58. The process of claim 57, wherein the pore-forming substance is ethanol and the cellulose ester is cellulose 
acetate 398-10. 

59. A process for preparing a tablet for control led release of one or more active substances into an environment 
of use, said tablet comprised of a core of said active substances, with or without one or more excipients, 
surrounded by an asymmetric membrane wherein said membrane is formed by a phase Inversion process; 

60. The process of claim 59, wherein the process is a dry process. 

61. The process of claim 60, comprising spray coating said core In a perforated pan coating machine with a 
solution comprised of from 10 to 15% of a cellulose ester or ethyl cellulose by weight and from 20 to 40% 
of one or more pore-forming substances by weight in acetone. ^ . 

62. The process of claim 61, wherein the cellulose ester is cellulose acetate 398-1 0 present In the amount of 
10% by weight and the pore-forming substances are comprised of glycerol, water, butanol and ethanol 
present In the amount of 2, 2.8, 12.4 and 22. respectively, by weight 



PatentansprGche 

1. Vorrichtung zur kontrolHerten Freigabe einer oder mehrerer aktiver Substanzen in eine Verwendungsum- 
gebung, wobei diese Vorrichtung einen Kern aus diesen Substanzen mlt oder ohne einen oder mehrere 
TrSgerstoffe umfa&t, der von einer Oder mehreren asymmetrischen Membranen umgeben ist 

2. Vorrichtung nach Anspruch 1 , worm die Membran permeabet und entweder nicht perforiert oder perforiert 
ist 

3. Vorrichtung nach Anspruch 1, worin die Membran semipermeabel und nicht performiert 1st 

4. Vorrichtung nach Anspruch 2 oder 3, worin die Freigabe im wesentlichen durch osmotisches Pumpen er- 
folgt 

5. Vorrichtung nach Anspruch 2, worin die Freigabe im wesentlichen durch Diffusion erfolgt 

» 

6. Vorrichtung nach irgendeinem der Ansprudche 1 bis 5, worin die asymmetrische .Membran ein Cellule- 
seester oder Ethyfcellulose 1st 

7. Vorrichtung nach irgendeinem der Anspruche 1 bis 6, worin die Substanz oder Substanzen blologisch aktiv 
sind. 

8. Vorrichtung nach irgendeinem der Anspruche 1 bis 7, worin die Vorrichtung eine Kapsel, eine Tablette Oder 
eine Perle bzw. ein KGgelchen ist 

9. Vorrichtung nach Anspruch 8 zur oralen Verabreichung an ein Lebewesen, wobei die Freigabe in die Flus- 
sigkeit des Gastrointestinaltraktes des Lebewesens erfolgt 

10. Vorrrichtung nach Anspruch 9, worin die Substanz ein Antihypertensfvum ist 

11. Vorrichtung nach Anspruch 10, worin die Substanz aus Prazosin, Nrfedtpin, Trimazosln und Doxazosin 
ausgewahlt ist 

12. Vorrichtung nach Anspruch 9, worin die Substanz ein angstlSsendes Mittei ist 

13. Vorrichtung nach Anspruch 12, worin die Substanz aus Hydroxyzin und Sertralin ausgewahlt ist 

14. Vorrichtung nach Anspruch 9, worin die Substanz einkoagulationshemmendes Mittel ist 

15. Vorrichtung nach Anspruch 14, worin die Substanz Dazmergrel ist 
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16. Vorrichtung nach Anspruch 9, worin die Substanz ein die Blutglukose senkendes Mittel ist 

17. Vorrichtung nach Anspruch 16, worin die Substanz Glipizid isL 

1 8. Vorrichtung nach Anspruch 9, worin die Substanz ein Dekongestionsmlttel, ein Antihfstaminikum oder ein 
Mittel gegen Husten oder ErkSltung 1st 

19. Vorrichtung nach Anspruch 18. worin die Substanz aus Brompheniraminmaleat, Chlorpheniraminmaieat, 
Phenylephrinhydrochlorid, Pseudoephedrinhydrochlorid, Cetirizln und Dexbromphentaminmaleatausqe- 
wShlt fst 

20. Verfahren zum Herstellen einer Tablette zur kontrollierten Freigabe einer oder mehrerer Substanzen in 
eine Verwendungsumgebung. wobei die Tablette einen Kern aus den aktfven Substanzen mit Oder ohne 
einen oder mehrere Tragerstoffe aufweist der von einer asymmetrischen Membran umgeben 1st. worin 
die Membran durch ein Phasenlnversionsverfahren gebfldet ist 

21. Verfahren nach Anspruch 20, worin das Verfahren ein NaSverfahren IsL 

22. Verfahren nach Anspruch 21, das die Schritte umfattt 

a) Beschichten des Kerns mit einer L6sung, die 10 bis 20 Gew.-% eines Ceiluloseesters oder Ethyt- 
ceilulose und fakultativ 0 bis 35 Gew.-% einer oder mehrerer porenbiidender Substanzen In Aceton ent- 
h§lt 

b) Eintauchen des beschichteten Kerns in ein wS&riges Abschreckbad und 

c) Trocknen. 

23. Verfahren nach Anspruch 22. worin der Celiuloseester Celluloseacetat 398-10 1st. das in einer Menge von 
15 Gew.-% vorliegt und die porenbndenden Substanzen Formamid. Essigsaure. Glycerin, ein Aikanol mit 
1 bis 4 Kohlenstoffatomen. Natriumacetat wa&riges Wasserstoffjperoxid oder Poiyvinytpyrrolidon sind. 

24. Verfahren nach Anspruch 23, worin die porenbiidende Substanz Ethanoi ist. das in einer Menge von 30 
Gew.-% vorliegt 

25. Verfahren nach Anspruch 23, worin die porenbiidende Substanz Glycerin ist das in einer Menge von 10 
Gew.-% vorliegt 

-4 

26. Verfahren nach Anspruch 21 , das die Schritte umfaBt 

a) Beschichten des Kernes mit einer Lfisung. die 10 bis 20 Gew.~% eines Ceiluloseesters oder Ethyl- 
cellulose und fakultativ 0 bis 40 Gew.-% einer oder mehrerer porenbiidender Substanzen In Aceton ent- 
h5It 

b) Eintauchen des beschichteten Kerns in Wasser, bis sich die Membran verfestlgt hat 

c) Eintauchen des beschichteten Kerns in Isopropanol, bis das Wasser durch Isopropanol ersetzt ist 

d) Eintauchen des beschichteten Kerns in Hexan, bis das Isopropanol durch Hexan ersetzt 1st und 
Trocknen. 

27. Verfahren nach Anspruch 26. worin der Celiuloseester Celluloseacetat 398^10 ist das in einer Menge von 
1 5 Gew.-% vorliegt und die porenbildenden Substanzen Formamid. Essigsaure, Glycerin, ein Aikanol mit 
1 bis 4 Kohlenstoffatomen, Natriumacetat wSUriges Wasserstoffperoxid oder Polyvinylpyrrolidon sind. 

28. Verfahren nach Anspruch 27, worin die porenbiidende Substanz Ethanoi ist das in einer Menge von 30 
Gew.-% vorliegt 



29. Verfahren nach Anspruch 20, worin das Verfahren ein Trockenverfahren ist f 

30. Verfahren nach Anspruch 29, das die Schritte umfa&fc j; 

a) Beschichten des Kerns mit einer Ldsung, die 10_feis 20 Gew.-% eines Ceiluloseesters oder Ethyl- £ 
cellulose und 20 bis 40 Gew.-% einer oder mehrerer porenbiidender Substanzen in Aceton enthSIt und i 

b) Trocknen der Tablette. 

t 

31. Verfahren nach Anspruch 30, worin der Celiuloseester Celluloseacetat 398-10 1st das in einer Menge von I 
1 5 Gew.-% vorliegt und die porenbildenden Substanzen Glycerin. Wasser, Butanol und Ethanoi sind, die I 
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in einer Menge von 1.9. 2.7. 11.7 bzw. 21,7 Gew.-% vorliegen. 

32. Verfahren zur Herstellung einer Kapsel zur kontrollierten Frelgabe einer Oder mehrerer aktiver Substan- 
zen in eine Verwendungsumgebung, wobei die Kapsel aus einem Kern dieser aktiven Substanzen mit 
Oder ohne einen oder mehrere Tragerstoffe besteht, der von einer asymmetrischen Membran umgeben 
ist, worin die Membran durch ein Phaseninversionsverfahren gebfldet ist 

33. Verfahren nach Anspruch 32, worin das Verfahren ein NaBverfahren ist 

34. Verfahren nach Anspruch 33, das die Schritte umfaSt 

a) Beschichten einer Dornvorrichtung, deren Grofie und Form die fnneren Abmessungen der ge- 
wunschten Kapsel vorgeben. mit einer LSsung, die 10 bis 20 Gew.-% eines Celluloseesters oder Et- 
hytcellulose und fakultativ 0 bis 40 Gew.-% einer oder mehrerer porenbDdender Substanzen in Aceton 
enthSIt, . ^ 

b) Bntauchen der beschichteten Vorrichtung in ein wSOriges Abschreckbad, 

c) Trocknen, 

d) Entfernen der KapselhOlse von der Vorrichtung, 

e) FuJllen der KapseihQIse mftdem Kernmaterial und 

f) Verschlie&en der Kapsel. 

35. Verfahren nach Anspruch 34, worin derCelluloseesterCelluloseacetat 398-10 ist, das in einerMenge von 
16 Gew.-% vorliegt. und die porenbBdende Substanz Formamid, EssigsSure, Glycerin, ein Alkanol mft 1 
bis 4 Kohlenstoffatomen, Natriumacetat, wiGriges Wasserstoffperoxid oder Polyvinyipyrroiidon fet 

36. Verfahren nach Anspruch 35, worin die porenbildenden Substanzen Ethanoi und Glycerin slnd, die in einer 
Menge von 28 bzw. 8 Gew.-% vorliegen. 

37. Verfahren nach Anspruch 35. worin die porenbildende Substanz Glycerin 1st das in einer Menge von 10 
Gew.-% vorliegt 

38. Verfahren zur Herstellung von Perlen bzw. KOgelchen zur kontrolllierten Freigabe einer oder mehrerer 
aktiver Substanzen in eine Verwendungsumgebung, wobei die Perlen bzw. KOgelchen aus einem Kern 
der aktiven Substanzen mit oder ohne einen Oder mehrere Tragerstoffe bestehen, der von einer asym- 
metrischen Membran umgeben ist, worin die Membran durch ein Phaseninversionsverfahren bebOdet ist 

39. Verfahren nach Anspruch 38, worin das Verfahren ein Trokkenverfahren ist 

40. Verfahren nach Anspruch 39, das die Schritte umfa&t: 

a) SprOhtrocknen einer AiifscWSmmurig der aktiven Substanzen in Form von Perlen bzw. KOgelchen, 
die mit einer LSsung aus 10 bis 20 Gew.-% eines Celluloseesters Oder Ethylcellulose und 20 bis 40 
Gew.-% einer oder mehrerer poreribfldender Substanzen in Aceton beschichtet sind. in eine Kammer, 
die auf einer Temperaturim Bereich von 25 bis 90°C gehatten 1st, und 

b) Abtrennen dergetrockneten Perlen bzw. KOgelchen aus den Polymerflocken durch Sieben Oder Ver- 
wendung von Zyklonvorrichtungen. 

41. Verfahren nach Anspruch 40, worin die porenbildende Substanz, die 38 Gew.-% der gesamten LSsung 
ausmacht, aus Ethanoi, Butanoi, Wasser und Glycerin besteht die in einer Menge von 57, 31, 7 bzw. 5 
Gew.-% vorliegen, und der Cellulose ester Ceiluioseacetat 398-10 ist, das in einer Menge von 15 Gew.- 
% vorliegt 

42. Verfahren nach Anspruch 41. worin die Aufschlammung unter einem Druck von 68.95 bis 689.5 kPa (10 
bis 100 psi) oberhalb von AtmosphSrendruck in eine Kammer bei Atmospharendruck sprOhgetrocknet 
wind. 

43. Verfahren nach Anspruch 38, worin das Verfahren ein NaBverfahren ist 

44. Verfahren nach Anspruch 43. das die Schritte umfaBt ; : 

a) Beschichten des Kerns der aktiven Substanzen in Form von Perlen bzw. KOgelchen mit einer LSsung 
aus 10 bis 20 Gew.-% eines Celluloseesters oder Ethytcellulose und fakultativ 0 bis 40 Gew.-% einer 
Oder mehrerer porenbildender Substanzen in Aceton. 
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b) Eintauchen der beschichteten Perlen bzw. Kugelchen in ein wa&riges Abschreckbad. 

c) Entfernen der Perlen bzw. Kugelchen, nachdem sich die Membran verfestigt hat. und Trocknen. 

45. Verfahren nach Anspruch 44. worm derCelluloseesterCelluloseacetat39S-10 ist. das in einer Menge von 

1 5 Gew.-% vorliegt und die porenbildende Substanz Ethanol ist. das in einer Menge von 33 Gew.-% vor- 
liegt 

46. Kapselvorrichtung zur kontrollierten Freigabe einer oder mehrerer aktiver Substanzen in eine Verwen- - 
dungsumgebung. wobei die Vorrichtung einen Kern der Substanzen mit oder ohne Tragerstoffe umfaat 
der in einer Kapsel enthalten ist. deren Ober- oder Unterteil aus einer oder mehreren asymmetrischen 
Membranen besteht 

47. Vorrichtung nach Anspruch 46. worin die Membran permeabel und perforiert oder nicht perforiert Ist 

48. Vorrichtung nach Anspruch 47. worin die Freigabe durch osmotisches Pumpen erfolgL 

49. Verfahren zur Herstellung einer Kapsel, wobei die Hulse aus einer asymmetrischen Membran besteht. 
worin die Membran durch ein Phaseninversionsverfahren gebDdet Ist 

50. Verfahren nach Anspruch 49, worin das Verfahren ein Naftverfahren ist 

51. Verfahren nach Anspruch 50, das die Schritte umfa&fc 

a) Beschichten einer Dornvorrichtung, deren Grfifte und Form die inneren Abmessungen der ge- 
wflnschten Kapsel vorgeben, mit einer L6sung aus 10 bis 20 Gew.-% elnes Celluloseesters oder Et- 
hylcellulose und fakultativ 0 bis 40 Gew.-% einer oder mehrerer porenbildender Substanzen In Aceton, 

b) Bntauchen der beschichteten Vorrichtung in ein wSBriges Abschreckbad, 

c) Trocknen und 

d) Entfernen der Kapselhutse von der Vorrichtung. 

52. Verfahren nach Anspruch 51. worin derCeiluloseester Celluioseacetat398-10 1st das In einer Menge von 

16 Gew.-% vorliegt und die porenbldende Substanz Formamid, EsslgsSure, Glycerin, ein Alkanol mft 1 
bis 4 Kohlenstoffatomen, Natriumacetat wfittriges Wasserstoffperoxid oder Pdyvinylpyrrolidon ist 

53. Verfahren nach Anspruch 52, worin die porenblldenden Substanzen Ethanol und Glycerin jind. die in efner 
Menge von 28 bzw. 8 Gew.-% vorliegen. 

54. Verfahren nach Anspruch 52. worin die porenbildende Substanz Glycerin tet das in einer Menge von 10 
Gew.-% vorliegt 

55. Verfahren ziir Herstellung einer Perlen- bzw. Kugelchen-. TaWetteiv oder Kapselvorrichtung zur kontn^ 
lierten Freigabe einer oder mehrerer aktiver Substanzen in eine Verwendungsumgebung, wobei die Vor- 
richtung einen Kern der aktiven Substanzen mit oder ohne einen oder mehrere TrSgerstof fe umfaOt der 
von mehr als einer asymmetrischen Membran umgeben ist worin die Membranen durch ein Phasenin- 
versionsverfahren gebftdet sind. 

56. Verfahren nach Anspruch 55, worin das Verfahren ein Trokkenverfahren ist 

57. Verfahren nach Anspruch 56, umfassend die SprOhbeschichtung der Vorrichtung. die in dem tuf tf lufc ge- 
regelter Temperatur eines Wirbelbettbeschichtungssystem suspendiert ist mit einer L5sung aus 5 bis 10 
Gew.-% eines Celluloseesters oder Ethylceilulose und 35 bis 40 Gew.-% einer oder mehrerer porenbil- 
dender Substanzen in Aceton. bis die gewflnschte Anzahl asymmetrischer Membranen aufgebracht wor- 
den ist 

58. Verfahren nach Anspruch 57, worin die porenbildende Substanz Ethanol und der Celluloseester CeButo- 
seacetat 398-10 sind. — 

59 Verfahren zur Herstellung einer TaWette zur kontrollierten Freigabe einer oder mehrerer aktiver Substan- 
zen In eine Verwendungsumgebung. wobei die Tablette einen Kern der aktiven Substanzen mit oder ohne 
einen oder mehrere Tragerstoffe umfafit der von einer asymmetrischen Membran umgeben ist worin die 
Membran durch ein Phaseninversionsverfahren gebfldet ist 
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60. Verfahren nach Anspruch 59, worin das Verfahren ein Trokkenverfahren 1st 

61. Verfahren nach Anspruch 60. umfassend das SprOhbeschichten des Kerns in der perforierten Wanne eK 
ner Beschichtungsanlage mit einer Losung aus 1 0 bis 1 5 Gew.-% eines Celluloseesters Oder Ethytcellu- 
lose und 20 bis 40 Gew.-% einer oder mehrerer porenbfldender Substanzen in Aceton. 

62. Verfahren nach Anspruch 61, worin der CeNuloseester Celluloseacetat 398-1 0 1st das in einer Menge von 
10 Gew.-% voriiegt, und die porenbildenden Substanzen Glycerin, Wasser, Butanol und Ethanol sind, die 
in Mengen von 2, 2,8, 12,4 bzw. 22 Gew.-% vorliegen. 

Revendlcatfons 

1. Disposftif pour la liberation controlee d'une ou plusieurs substances actives dans un milieu d*uti1isation, 
(edit dlspositif comprenant uiv noyau desdites substances, en la presence ou en ('absence d*un ou plu- 
sieurs excipients, entoure par une ou plusieurs membranes asymetriques. 

2. Dlspositif suivant la revendication 1 , dans lequel la membrane est permeable et est non perforee ou per- 
foree. 

20 3. Dlspositif suivant la revendication 1. dans lequel la membrane est semi-permeable et non perforee. . 

4. Disposftif suivant la revendication 2 ou la revendication 3, dans lequel la liberation s'effectue essentiel- 
lement par pompage osmotique. 

25 5. Disposftif suivant la revendication 2, dans lequel la liberation s'effectue essentiellement par diffusion. 

6. Disposftif suivant Tune quelconque des revendications 16 5, dans lequel la membrane asymetrique est 
un ester de cellulose ou I'ethylceflulose. 

Disposftif suivant Tune quelconque des revendications 1 a 6, dans lequel la ou les substances sort blo- 
logiquement actives. 

8. Disposftif suivant Tune quelconque des revendications 1 a 7, qui consiste en une capsule, un comprime 
ou une perle. ^ 

35 9. Disposftif suivant la revendication 8 pour I'admin istration orale a un animal, la liberation s'ef fectuant dans 
le liqulde du tractus gastro-intestinal dudit animal. 

10. Disposftif suivant la revendication 9, dans lequel la substance est un agent antUiypertenseur. 

40 11. Disposftif suivant la revendication 1 0, dans lequel la substance est cholsle entre la prazosine, la nifedipine, 
la trimazosine et la doxazosine. 

12. Disposftif suivant la revendication 9, dans lequel la substance est un agent anxiolytique. 

13. Disposftif suivant la revendication 12, dans lequel la substance est chotsie entre I'hydroxyzlne et la ser- 
traline. 

14. Disposftif suivant la revendication 9, dans lequel la substance est un agent anticoagulant 

1 5. Disposftif suivant la revendication 1 4. dans lequel la substance est le dazmergret. 

16. Disposftif suivant la revendication 9, dans lequel la substance est un agent abaissant le taux sanguin de 
glucose. 

17. Disposftif suivant la revendication 16, dans lequel la substance est le glipizide. 

18. Disposftif suivant la revendication 9, dans lequet la substance est un decongestionnant, un antihistami- 
nique ou un agent destine a lutter contre la toux ou le rhume. 
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19. Dispositif suivant la revendication 18. dans lequel la substance est choisie entre le maleate de bromphe- 
niramine, le maleate de chlorpheniramine, le chlorhydrate de phenylephrine, le chlorhydrate de pseudoe- 
phedrine, la cetlrizine et le maleate de dexbrompheniramine. 

20. Precede de preparation d'un cornprime pour la liberation controlee d'une ou plusieurs substances actives 
dans un milieu d'utilisation, ledit comprirne etant constitue (Tun noyau desdites subtances actives, en la 
presence ou en rabsence d'un ou plusieurs excipients, entoure par une membrane asym6trique, dans le- 
quel ladite membrane estTprmee par un procede tf inversion de phase. 

21. Procede sulvant la revendication 20, qui est un procede par vole humide. 

22. Procede suivant la revendication 21, comprenant les etapes : 

a) de revetement du noyau avec une solution constituee de 10 a 20 % en poids d'un ester de cellulose 
ou (Tethylcellulose et. facultativement de 0 a 35 % en poids d'une ou plusieurs substances porogenes 
dans I'acetone, ^ 

b) (f immersion du noyau enrobe dans un bain aqueux de trempe, et 

c) de s6chage. 

23. Procede suivant la revendication 22, dans lequel i'ester de cellulose est I'acetate de cellulose 398-10 pre- 
sent en une quantite de 1 5 % en poids et les substances porogenes consistent en formamide. acide ace- 
tique. glycerol, un alcanol ayant 164 atomes de carbone. acetate de sodium, une solution aqueuse de 
peroxyde cfhydrogene ou polyvinylpyrrolidone. 

24. Procedd suivant la revendication 23, dans lequel la substance porogene est Pethanol, present en une 
quantite de 30 % en poids. 

25. Procede suivant la revendication 23, dans lequel la substance porogene est le glycerol, present en une 
quantite de 10 % en poids. 

26. Procede suivant la revendication 21, comprenant les etapes: 

a) de revetement du noyau avec une solution constituee do 1 0 a 20 % en poids d'un ester de cellulose 
ou tfethylcenulose et facultativement de 0 a 40 % en poids <fune ou plusieurs substances porogenes 
dans I'acetone. 

b) (fimmersion du noyau enrobe dans de I'eau Jusqu'a solidification de la membrane, 

c) d'immersion du noyau enrobe dans de risopropanol jusqu'au remplacement dej*eau par llsopropa- 
nol, 

d) d*immersiori du noyau enrobe dans I'hexane Jusqu'au remplacement de risopropanol par I'hexane, 
etdesechage. 

27. Procede suivant la revendication 26; dans lequel I'ester de cellulose est I'acetate de cellulose 398-10 pre- 
sent en une quantite de 15 % en poids et les substances porogenes consistent en formamide, acide ace- 
tique, glycerol, un alcanol ayant 1 a 4 atomes de carbone, acetate de sodium, une solution aqueuse de 
peroxyde cThydrogene ou polyvlnylpyrrolidpne. 

28. Proced6 suivant la revendication 27, dans lequel la substance porogene est Tethanol, present en une 
quantite de 30 % en poids. 

29. Procedd suivant la revendication 20, qui est un procede par voie humide. 

30. Procede suivant la revendication 29, comprenant les etapes : 

a) d'enrobage du noyau avec une solution constituee de 10 a 20 % en poids d'un ester de cellulose 
ou cT6thy1cellulose et de 20 a 40 % en poids d'une ou plusieurs substances porogenes dans I'acetone, 
et 

b) de sechage du com prime. 

31. Procede suivant la revendication 30. dans lequel Tester de cellulose est i'acetate de cellulose 398-10 pre- 
sent en une quantite de 15 % en poids,et les substances porogenes consistent en glycerol, eau, butanol 
et ethanol presentes respect'rvement en des quantites de 1,9, 2,7, 11,7 et 21,7 % en poids. 

32. Procede de preparation d'une capsule pour la liberation controlee d'une ou plusieurs substances actives 
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dans un milieu d'utflisation. ladite capsule etant constitute d'un noyau des substances actives, en la pre- 
sence ou en ('absence 'd'un ou plusieurs excipients, entoure parune membrane asymetrique, dans lequel 
ladite membrane est'formee par un precede diversion de phase. 

33. Precede suivant la revendicatton 32, qui est un precede par vole humide. 

34.. Precede suivant la revendication 33, comprenant les etapes : 

a) d'enrobage d'un systems de mandrin, calibre etfaconne de manlere a s 'adapter aux dimensions In- 
terieures de la capsule desiree, avec une solution constituee de 10 a 20 % en polds d'un ester de cel- 
lulose ou d'ethylcellulose, et, facultatfvement, de 0 a 40 % en polds d'une ou ptusieurs substances po- 
rogenes dans ('acetone, 

b) d'lmmersion du dispositif enrobe dans un bain aqueux de trempe, 

c) de sechage. 

. d) d'enlevement de I'enveloppe de la capsule dudit dispositif, 

e) de remplissage de I'enveloppe de ta capsule avec la matlere du noyau, et ^ 

f) d'obturatlon etanche de la capsule. 

35. Precede suivant la revendication 34, dans lequel Tester de cellulose est I'acetate de cellulose 338-1 0 pre- 
~ sent en une quantite de 1?% en polds et la substance porog6ne consiste en formamlde, acide acetlque, 

glycerol, un alcanol ayant 1 a 4 atomes de carbone, acetate de sodium, une solution aqueuse de peroxyde 
d'hydrogene ou polyvinylpyrrolidone. 

36. Procede suivant la revendicatton 35, dans lequel les substances porogenes consistent en ethanol et gly- 
cerol presents respect'rvement en des quantftes de 28 et 8 % en polds. 

37. Procede suivant la revendication 35, dans lequel la substance porogene est le glycerol, present en une 
quantite de 10% en poids. 

38. Procede de preparation de peries pour la liberation controJee d'une ou plusieurs substances actives dans 
un milieu d'utflisation, lesdites peries etant constitutes d'un noyau desdites substances actives, en la pre- 
sence ou en Pabsence d'un ou plusieurs excipients, entoure parune membrane asymeWque, dans lequel 

■ ladite membrane est formee par un procede d'inversion de phase. 

39. Procede suivant la revendication 38, qui est un procede par vole seche. 

40. Procede suivant la revendication 39, comprenant les etapes : 

a) de sechage par pulverisation d*une suspension des substances actives sous forme de peries enro- 
be es avec une solution constituee de 10 a 20 % en poids d'un ester de cellulose ou d'ethylcellulose 
et de 20 a 40 % en poids d'une ou plusieurs substances porogenes dans ('acetone dans une chambre 
maintenue a une temperature comprise dans I'intervalle de 25 a 90°C, et 

b) de separation des peries sechees des paillettes de polymere par tamisage ou utilisation de cyclones. 

41. Proced6 suivant la revendication 40, dans lequel la substance porogene, qui represente 38 % en polds 
de la solution totale, consiste en ethanol, butanot, eau et glycerol presents, respectivement en des quan- 
tites de 57, 31 , 7 et 5 % en poids, et Tester de cellulose est I'acetate de cellulose 398-10 present en une 
quantite de 15 % en poids. 

42. Procede suivant la revendication 41, dans lequel la suspension est sechee par pulverisation sous une 
pression superieure a la pression atmospherique de 68,95 a 689,5 kPa (10 a 100 lb/in 2 ) dans une chambre 
sous pression atmospherique. 

43. Procede suivant la revendication 38, qui est un procede par voie humide. 

44. Procede suivant la^revendication 43, comprenant les Stapes : 

a) d'enrobage du noyau de substances actives sous forme de peries avec une solution constituee de 
1 0 a 20 % en poids d'un ester de cellulose ou d'ethylcellulose et, facuttativement, de 0 a 40 % en poids 
d'une ou plusieurs substances porogenes dans ('acetone, 

b) d'immersion des peries enrobees dans un bain aqueux de trempe, 

c) d'enlevement des peries apres solidification de la membrane, et de sechage. 
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45. Proc6d6 suivant la revendication 44, dans lequel Tester de cellulose est I'acetate de cellulose 398-10 pre- 
sent en une quantite de 15 % en poids et la substance porogene est I'ethanol present en une quantite de 
33 % en poids. 

5 46. Dispositif sous forme de capsule pour la liberation controlee d'une ou plusieurs substances actives dans 
un milieu d'utilisation, ledit dispositif comprenant un noyau desdites substances, en la presence ou en 
I'absence d'excipients. entoure par une capsule dont la partie superieure ou la partle inferieure est cons- 
titute d'une ou plusieurs membranes asymetriques. 

10 47. Dispostttf suivant la revendication 46, dans lequel la membrane est permeable et perforee ou non perfo- 
ree. 

48. Dispositif suivant la revendication 47, dans lequel la liberation s'ef fectue par pompage osmotique. 

49. Precede de preparation d'une capsule dont I'enveloppe est constituee d'une membrane asymetrique, 
f5 dans lequel ladrte membrane est formee par un precede d'inversion de phase. 

50. Precede suivant la revendication 49, qui est un precede par voiehumide. 

51. Precede suivant la revendication 50, comprenant les etapes : 

20 a) d'enrobage d*un dispositif de mandrin, calibre et faconne de manlere a s'adapter aux dimensions 

Interieures de la capsule desir6e, avec une solution constituee de 10 a 20 % en poids d'un ester de 
cellulose ou cfethylcellutose et, fecultativement, de 0 a 40 % en poids d'une ou plusieurs substances 
porogenes dans I'acetone, 

b) immersion du dispositif enrobe dans un bain aqueux de trempe, 
25 c) de sechage, et 

d) ^enlevement de I'enveloppe de la capsule dudit dispositif. 

' 52. Precede suivant la revendication 51 , dans lequel Tester de cellulose est I'acetate de cellulose 398-1 0 pre- 
sent en une quantite de 16 % en poids et la substance porogene consists en formamlde, acide acetique, 
so glycerol, un alcanol ayant 1 a 4 atomes de carbone, acetate de sodium, une solution aqueuse de peroxyde 

d'hydrogene ou polyvinylpyrrolidone. 

53. Precede suivant la revendication 52, dans lequel les substances porogenes consistent en ethanol et gly- 
cerol presents respectivement en des quantites de 28 et 8 % en poids. ^ 

35 54. Precede suivant la revendication 52, dans lequel la substance porogene est le glycerol, present en une 
quantite de 10 % en poids. 

55. Precede de preparation d*un dispositif sous forme de perle, de comprime ou de capsule pour la liberation 
controlee d'une ou plusieurs substances actives dans un milieu (TutBisation, ledit dispositif etant constttu6 

40 d'un noyau desdites substances actives, en la presence ou en I'absence d'un ou plusieurs exciplents, en- 

toure par plus d'une membrane asymetrique, dans lequel lesdites membranes sent formees par un pro- 
cede d'inversion de phase. 

56. Precede suivant la revendication 55, qui est un precede par voie seche. 

45 

57. Precede suivant la revendication 56, comprenant le revetement par pulverisation du dispositif mis en sus- 
pension dans le courant d'alr a temperature reguiee d'un appareil de revetement a lit fluidise avec une 
solution constituee de 5 a 10 % en poids d'un ester de cellulose ou d'ethyicellutose et de 35 a 40 % en 
poids d'une ou plusieurs substances porogenes dans ('acetone jusqu'a application du nombre desire de 

so membranes asymetriques. 

58. Precede suivant ta revendication 57, dans lequel la substance porogene est I'ethanol et festerde cellulose 
est I'acetate de cellulose 398-10. 

^ 59. Precede de preparation d'un comprime pour la liberation controlee d'une ou plusieurs substances actives 
dans un milieu d'utilisation, ledit comprime etant constitue d'un noyau desdites subtances actives, en la 
presence ou en I'absence d'un ou plusieurs excipients, entoure par une membrane asymetrique, dans le- 
quel ladite membrane est formee par un precede d'inversion de phase. 
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60. Procede suivant la revendication 59. qui est un procede par voie seche. 

61. Procede suivant la revendication 60, comprenant I'enrobage par pulverisation du noyau dans une machine 
d'enrobage a cuve perforee avec une solution constitute de 10 a 15 % en poids d'un ester de cellulose 
ou d'ethylcellulose et de 20 a 40 % en poids d'une ou plusieurs substances porogenes dans I'acetone. 

62. Procede suivant la revendication 61 , dans lequel Tester de cellulose est ('acetate de cellulose 398-10 pre- 
sent en une quantite de 10 % en poids et les substances porogenes consistent en glycerol, eau, butanoi 
et ethanol presents respectivement en des quantites de 2, 2,8, 12.4 et 22 % en poids. 
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Figure 1. Example 1* SEM (Scanning Electron Microscope) 
Cress Section of an Asymmetric Membrane Tablet Coating. 
1 cm * 50jm. 
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Figure 4. Example 4. Release of TrUazosin into Water From 

Tablets Coated With Dense ana Asymmetric 
Membrane Coatings 
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Figure 5. Example 6. Release Rate of Tri»azosin Fcom Tablets 

Placed Alternately Into a 2.4-wt% HgSO* 
Solution, Then Water, and Then a 2.4-vf% 
KgSO. Solution. Three replicates. 
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Tr iaazosin 
Release 

Race 
(rng/hr) 




10 20 30 40 

Foraamide Concentration in Membrane - 
Coating Solution (wtZ) 



gure 6. Example 8 



Tablet coce: 



Coating solution 



Reference: 



Effect of Focmamide Content of Membcane- 
Coating Solution on Release Rate 

40 vtl Triaazosin, 58 vt% Avicel 
pH 102# 2 wt% magnesias stearate 
350 wq total 

IS vt% CA 393-10, 7 to 3S wt% focaiamide, 
acetone. Coating weights were pcoporticna 
to foraaaide content within the range fcoa 
9.7 sg/tablet at 7% foraaaide to 17 ag/ 
tablet at 35% foraaaide 
BRI 454-75, 76,465-20, 55-57, 60 
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8. Example H. SEM of the Surface of Asymmetric 
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Figure 9. Example 11. SEM of 
Membrane Coating. 5% (weight) 
solution. I a = 10jm. 



the Surface of an Asymmetric 
glycerol in the coating 
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Figure 10. Example 11. SEM of the Surface of an 
Asymmetric Membrane Coating. 10% (weight) glycerol 
in the coating solution. 1 a ■ lOum. 
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Figure 11. Example 11. 5 EM of the Surface of Asymmetr 
Membrane Coating. 20% (weight) glycerol ia the. coating 
solution. 1 ca » lO^m. 
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figure IX. Example 12, SEM of the Surface of an 
Asymmetric Coating- 5% (weight) sodium acetate in 
the coating solution. 1 ca = Hjm. 
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Osaoeic ?r«ssur« 5t<ce?cor Solution 



figure 14 . Example 16 



Release of Doxazosin Fron Asymmetric 
"eabrane Capsules into Gastric Buffer 
(7.S ata) and Dextrose Solutions (21 
and 34 ata) at 37°C 



ata 



Capsule foraing solution: 
Capsule loading: 



17* CA/30% ethanol/53% acetone 
1% Doxazosin, 10% Ad i pic acid, 
m lactose— 250 ag total 
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Figure 17. Example 21. SEM of a Cross Section of a 
•Triple Coated - Asymmetric Membrane Coating on a 3ead. 
1 cm = 14jm. 
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Figure 13. Example 21. Release of Doxazosin Fro« Coated Beads 

(1 to 3 coats) into a Lactose Solution 
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1.0 - 



Doxazosin 
*c leased 
(»«) 



0.5 



0.0 



t* lease ftace in Co Uaeer: 
0.3 ♦ 0.02 »f/hr 



Release Race Into lactose Solution: — 




Release State laco 3extrase Solution 
0.03 * Q.Ol »«/hr 



gu re I* - Sxaaple 22 



Release of Doxazosin Proa Tr iple*Coated 
3* ads into Receptor Solutions With 
Different Osaotic Pressures 

Beads: 5 vtl Doxazosin, 15 wt% Avicel, 
71 vt% lactose, 9 vt% adipic 
acid, 2 wt% pcecoat 
(Sucrose/BPSC) 
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Tocal 3rue Content 
















3c lease Sate loco 4-vtZ MgSO s 
0.25 * 0.02 ag/hr 
I I . _! 
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Figuce 21 . Example 24 



Release of Tciaazosin Beads Formulated in 
Asymmetric Cellulose Acetate Beads 
(diameter 2 to 3 ma) Formed by the Quench 
Process. 



Coating solution: 15 wt* CA, 33 wt\ ethanol, S2 vt% acetcr.e 
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200 pm 



Figure 23. Craaple 28. S» of a Cross Section of an Asyiwtric 
Heabrane Capsule Wall Hade of Cellulose Acetate 
Butyrate. 2.5 cm - 200 pm. 
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Figure 25. Example 30. SEM of a Cross Section of an n ijwi ui. 

«e«farane Capsule Wall Hade of a Blend of Cellulose 
Acetate Butyrate and ethylcellulose. 3.75 cm - 200 jmt 
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10 ym 



rigure 26. Example 31, SBi of a Cross Section of an Asymmetric 
Kembrane Capsule Hall Hade of a Blend of Cellulose 
Acetate Butyrate and Cellulose Acetate. 3.5 cm « 10 pm. 
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500 pm 



Example 32. SEM of a Cross Section of an Asynaetric 
Membrane Capsule Hall Hade of Cellulose Acetate 
Propionate. 5. 25 ca « 500 jjm. 
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Figure 29. Example 34. SEM of a Cross Section of an Asy—etric 
Membrane Capsule Kail Hade of Cellulose Acetate 
Pbthalate. 4 a* 100 nv. 
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200 pm 



rigure 33. Example 38. SEH of a Cross Section of an Asymetrix: 
Membrane Capsule Wall Hade of Polyuretnane. 
5 cm m 200 ^. 
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50 pm 



Figure 34, Example 39. SZM of a Cross Section of an AsyMaetric 
Mi atn me Capsule Wall Hade of Polyvlnylidene Fluoride 
4,5 cm * SO jam. 
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100 ym 



rigure 35. Example 40. SEM of a Cross Section of an n ulu 
Membrane Ca penile Hall Hade of Polysnlfooe. 
4.5 cm « lOO jn. 
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rigure 36. Example 41. SQf of a Cross Section of an Asyvoetric 

Membrane Capsule Mall Hade of Polyvetayl Hethacrylate. 
3.5 cm m 20 jmt. 
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200 pm 



rigure 39. Example 44. SD1 of a Cross Section of an Asyvaetxic 
Membrane Capsule Mall Hade Vita a Blend of Bthyl- 
s cellulose and Cellulose Acetate Trimellitate. 
4 cs - 200 
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10 pm 



rigure 40. Ezanple 45. SB% of a Cross Section of i 
Membrane Wall Hade of Ethylcellalooe on 
Containing Bead. 3.5 cm - 10 )jm. 



in A ijin.txic 
a Drug 
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Figure 43. example 49. SEM of Cross Section of Multiple Layers 
of AsjMtric Heabranes Made of Cellulose Acetate on 
Beads. 
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